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ABSTRACT
Research conducted from 1997 to 1999 in cotton (Gossypium hirsutum L.) and in
non-crop areas evaluated early season insect control and weed control with labeled rates
of several insecticides and the herbicide glyphosate applied alone and in combinations.
Dicrotophos plus glyphosate improved aphid (Aphis gossypii Glover) control, and thrips
(Frankliniella spp.) control was improved with the addition o f glyphosate to acephate,
dicrotophos, or dimethoate. Redweed (Melochia corchorifolia L.) control was reduced
with glyphosate plus endosulfan, and addition of oxamyl, endosulfan, dicrotophos, and
imidacloprid reduced prickly sida (Sida spinosa L.) control compared with glyphosate
alone. Only the glyphosate plus lambda-cyhalothrin combination controlled less hemp
sesbania [Sesbani exaltata (Raf.) Rybd. ex A. W. Hill] compared with glyphosate alone.
For both the insect and weed control studies, responses associated with the combinations
were not consistent over experiments and differences observed were not o f practical
significance.
Field studies were conducted to evaluate the interaction between simulated thrips
injury (manual removal of cotton terminals) and glyphosate postemergence weed control
programs. Removal of cotton terminals delayed appearance o f first square and first
flower and decreased seedcotton yield in two o f four experiments whether or not
glyphosate was applied. Results suggested that stress imposed on cotton plants from
thrips damage should not result in greater injury from glyphosate when applied according
to label to glyphosate-resistant cotton.
Field experiments evaluated the influence of preemergence herbicides and
postemergence glyphosate application on seedling diseases in cotton. In one year, use of
v
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fluometuron with pendimethalin, pyrithiobac, or metolachlor preemergence followed by
glyphosate (0.84 kg ai/ha) to cotyledon cotton increased hypocotyl disease severity 12%
compared with the same program without fluometuron. Disease severity on hypocotyls
was 7% greater when glyphosate was applied at 4-leaf than at cotyledon. In contrast,
disease severity on roots was 46% greater when glyphosate was applied at cotyledon.
Results o f greenhouse experiments using soil inoculated with Rhizoctonia solani
supported those o f the field study showing that certain preemergence herbicides can
predispose cotton to greater seedling disease injury and that glyphosate applied to
cotyledon glyphosate-resistant cotton can reduce hypocotyl disease severity.

vi
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CHAPTER 1
INTRODUCTION
Prior to the mid-1990's, postemergence over-the-top weed control options in
seedling cotton were limited. Due to potential crop injury, herbicides such as
fluometuron {Af,Af-dimethyl-An-[3-(trifluromethyl)phenyl]urea} and MSMA
{monosodium salt o f MAA} could be applied over-the-top only in salvage situations.
Several herbicides were labeled for postemergence-directed application, but a height
differential between the crop and weed was necessary to prevent herbicide contact with
the main-stem terminal of the cotton plant. In 1995, BXN™ cotton was introduced,
which allowed for over-the-top applications of bromoxynil {3,5-dibromo-4hydroxybenzonitrile} to transgenic BXN varieties (Isgett et al. 1996). Pyrithiobac {2chloro-6-[(4,6-dimethoxy-2- pyrimidinyl)thio]benzoic acid}, approved for use in cotton
during the 1996 growing season, was the first broadleaf herbicide labeled for over-the-top
use in traditional non-transgenic cotton (Mitchell 1996). Monsanto Company initiated
research in the mid-1980's to develop crops with resistance to the herbicide glyphosate
{iV-(phosphonomethyl)glycine}. Cotton plants resistant to glyphosate are encoded for an
additional enolpyruvylshikimate phosphate synthase (EPSP synthase, E. C. 2.5.1.19)
enzyme derived from Agrobacterium tumefaciens strain CP4. This gene was transferred
to the plants by use of gene gun technology (Horsch et al. 1988). The EPSP synthase
derived from the bacterium is not affected by glyphosate, while the EPSP synthase
produced by the plant is inhibited (Bradshaw et al. 1997; Johnson 1996).
The primary mode o f action of glyphosate is inhibition o f the shikimate acid
pathway. Glyphosate works by inhibiting 5-enolpyruvylshikimate-3-phosphate synthase,
1
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the enzyme responsible for the binding o f shikimate-3-phosphate (S3P) and
phosphoenolpyruvate (PEP) to yield enolpyruvyl shikimate phosphate and an inorganic
phosphate. Glyphosate attaches to the specific area o f EPSP synthase where PEP binds,
thus glyphosate inhibition is competitive with respect to PEP (Cole 1985; Devine et al.
1993; Duke 1988; Kishore and Shah 1988). Glyphosate binding to the EPSP synthaseS3P complex is 115x tighter and 20x slower than binding of PEP, while the dissociation
rate is 2,300x slower than PEP (Anderson et al. 1988). Due to the inhibition o f EPSP
synthase, the activity o f 3-deoxy-D-arabinoheptulosonate-7-phosphate synthase (DAHP,
EC 4.1.2.1.5) is significantly increased. DAHP synthase catalyzes the condensation of
erythrose-4-phosphate with PEP. Lyndon and Duke (1988) reported once the shikimate
pathway is disrupted, large concentrations o f shikimate may accumulate. In sink tissues,
shikimate and shikimate-3-phosphate may account for up to 16 percent o f the dry weight
(Schulz et al. 1990). To compensate for the disrupted shikimate pathway, more carbon is
shunted into this pathway by the plants, thereby limiting the amount o f carbon available
for the Calvin cycle (Killmer et al. 1981).
The shikimate pathway occurs only in plants, fungi, and bacteria and the end
products of this pathway are the aromatic amino acids phenylalanine, tyrosine, and
tryptophan (Stryer 1995; Taiz and Zeiger 1998). Secondary plant compounds produced
by this pathway include flavonoids, lignins, anthocyanins, and coumarins (Taiz and
Zeiger 1998). Besides the production o f phenolic compounds, up to 20 percent o f the
carbon fixed by photosynthesis in plants flows through the shikimate pathway (Floss
1986). Consequently, the shikimate pathway is vital for the survival o f plants.

2
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Because the shikimate pathway occurs only in plants, fungi, and bacteria,
glyphosate has a very low mammalian toxicity. Glyphosate binds quickly and tightly to
soil and therefore has low soil activity. In the soil, glyphosate is rapidly degraded by
microbes (Torstennson 1985). All of these factors contribute to making glyphosate a safe
and environmentally friendly herbicide.
Based on the Roundup Ready cotton label ', glyphosate may be applied over-thetop o f glyphosate-resistant cotton from crop emergence through the four-leaf stage. No
more than 1.12 kg ai/ha may be applied in a single application. Up to the four-leaf stage,
two applications o f glyphosate may be made, but applications must be at least ten days
apart and cotton plants must have produced at least two nodes. After the four-leaf stage,
only postemergence-directed treatments can be applied, again with a maximum o f 1.12 kg
ai/ha per application. As with the earlier treatment, ten days between application and at
least two nodes must be produced by cotton plants. Glyphosate may be applied to both
glyphosate-resistant and traditional cotton when greater than twenty percent o f the bolls
have opened to improve harvest efficiency and control perennial weeds. The maximum
glyphosate rate that may be used from crop emergence to layby is 4.48 kg ai/ha, while a
maximum o f 8.96 kg ai/ha may be used during the entire growing season.
To determine how best tc use this new technology and realize the full benefit of
glyphosate-resistant cotton, research has addressed the need for preplant incorporated or
preemergence herbicides; over-the-top application timings in respect to weed control and
crop injury; glyphosate postemergence-directed or layby applications versus use o f soil

'Roundup Ready cotton product label. Monsanto Company, 800 North Lindbergh
Boulevard, St. Louis, MO 63167.
3
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residual herbicides; feasibility o f total postemergence herbicide programs; and fit of
glyphosate-resistant cotton in conservation tillage and ultra-narrow row systems.
Numerous studies have been conducted throughout the United States to evaluate
weed control in glyphosate-resistant cotton (Asher et al. 1998; Dotray et al. 1999;
Goldmon et al. 1996; Keeling et al. 1996; Kendig 1999; Webster et al. 1997; Welch et al.
1997; Wilcut et al. 1998). Glyphosate provided adequate control o f most common cotton
weeds, and cotton yields were similar to when conventional herbicide (non-glyphosate)
programs were used. Studies also were conducted in conservation tillage systems with
similar results to those observed in conventional programs (Askew et al. 1999; Hayes and
Rhodes 1996; Keeling et al. 1997; Keeton and Murdock 1997; Keeton et al. 1998; Smart
and Bradford 1999). Research has clearly shown that glyphosate-resistant cotton can be
utilized in a variety of production systems with yields equivalent to non-Roundup Ready
traditional cotton. However, glyphosate applications beyond the four-leaf stage can be
harmful to cotton plants. Brown and Bednarz (1998) reported that glyphosate
applications (1.12 kg ai/ha) at 6, 9, or 12 node stage of cotton affected the fruiting profile
of Paymaster 1215RR, but not Deltapine 5690RR. In a North Carolina study, lint cotton
yields were affected by glyphosate applications made after the four-leaf stage (Kalaher et
al. 1997).
With the introduction and widespread use o f glyphosate-resistant crops, little
research has addressed the impact o f glyphosate on insects or plant pathogens. Presence
of both weeds and insects during the early season may warrant an application of a
herbicide and insecticide combination. When cotton is planted early, seedling diseases
can be a problem (Davis 1981). Since glyphosate is systemic and affects a metabolic
4
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pathway in fungi (Levesque and Rahe 1987), glyphosate may also impact seedling
disease development. This dissertation addresses those potential interactions.
Thrips are one o f the first insects to attack seedling cotton. Thrips feed on plant cell
contents causing cells to fill with air resulting in a silvery appearance. Thrips feeding on
the plant main stem terminal results in malformed leaves, characterized by an upward and
inward curling (Telford and Hopkins 1957). Leaves injured by thrips have reduced leaf
area that results in a decrease in photosynthetic activity. When the cotton terminal is
destroyed, the plant loses apical dominance causing a condition often referred to as
“crazy cotton”. This delay in early season growth can lead to greater problems with lateseason insects and harvest delays (Burris et al. 1989). Thrips infestations in cotton fields
also have been correlated with higher seedling disease incidence and severity (Colyer et
al. 1991a, 1991b; Neal and Newsom 1951).
Gaines (1934) was one o f the first to report the symptoms o f thrips injured cotton.
Cotton injured by thrips had multiple main stems and excessive proliferation of
vegetative branches. Cotton plants not injured by thrips produced bolls at least two
weeks earlier than injured plants and produced 56% more bolls than injured plants.
Dunnam and Clark (1937) reported that thrips-damaged cotton produced 94% of its bolls
two weeks later than non-damaged plants. The damaged plants had 7% fewer bolls and
13% less seed cotton as compared with healthy plants. Fletcher and Gaines (1939) in
Texas reported that plants not damaged by thrips produced yields o f 372 kg/ha seed
cotton, while thrips-damaged cotton produced only 260 kg/ha seed cotton. Damaged
plants produced bolls 10 to 14 days later than normal plants. Non-injured plants
produced 1.12 kg of seed cotton per 118 bolls, while injured plants required 134 bolls to
5
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produce 1.12 kg o f seed cotton. Watts (1937) in South Carolina reported that thripsdamaged cotton needed 10 days longer to produce white flowers compared with healthy
plants and only 65% o f the bolls on the injured plants opening. White blooms appeared
on normal plants for SO consecutive days after flower initiation compared with only 42
days for thrips damaged plants. Thrips-damaged cotton had significantly fewer mature
bolls and lower seedcotton yield compared with healthy plants. In a laboratory study,
Hightower (1958) reported that cotton seedlings infested with the tobacco thrips
Frankliniella Jusca (Hinds) were 28% shorter than control plants and plant green weight
was reduced approximately 50%. Cotton plants infested with F. tritici, the flower thrips,
had shorter stems and lower plant weights compared with the non-infested.
Several studies have examined the relationship between cotton morphological
characteristics and thrips infestations. These studies used leaf area measurements as a
parameter to estimate thrips damage to cotton plants. Quisenberry and Rummel (1979)
and Rummel and Quisenberry (1979) showed that cotton varieties with pubescent leaves
had higher levels o f resistance to thrips injury compared with glabrous, okra leaf,
glandless, or nectariless varieties. A greenhouse study by Roberts and Rechel (1996)
showed that plants infested with thrips had significantly lower leaf areas and leaf dry
weights compared with the control.
Removal of the main-stem terminal bud o f the cotton plant also has been used by
researchers to simulate early season insect damage. Mann et al. (1995) removed o f
terminal buds from 10, 25, 50, and 100% of the plants/plot at first square and one week
later on Deltapine 90 and DES 119 cotton varieties. No significant differences were
observed in yield or crop maturity compared with the non-damaged control. Ihrig et al.
6
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(1996) removed 10, 20, and 30% o f the main-stem terminal buds from plants and found
no reductions in yield compared with the non-damaged control.
The seedling disease complex of cotton is comprised of four fungal pathogens:
Pythium spp., Fusarium spp., Rhizoctonia solani Kuehn, and Thielaviopsis basicola
(Berk & Berk) Ferr. (Davis 1981). Between 1994 and 1998, seedling diseases caused an
average annual loss o f over 12 million kg of cotton in Louisiana (Blasingame 1995,1996,
1997, 1998; Blasingame and Patel 1999). Losses were greatest during 1995 when this
disease complex caused a loss o f 20.7 million kg o f cotton. The lowest damage for this
time period was in 1998 when only 6.8 million kg were lost. The variations in yield
losses were directly related to differences in early season environmental conditions
ranging from a cool, wet spring one year to a warm, dry spring in another. Seedling
diseases result in cottonseed decay, preemergence damping-off, partial or complete
girdling of the emerged seedlings (postemergence damping-off), and seedling root rot
(Davis 1981).
In the Mid-South, the majority of cotton producers use a preemergence herbicide
applied either preplant incorporated or behind the planter during the planting operation to
control weeds. Herbicides labeled for preemergence use in cotton in Louisiana include
trifluralin {2,6-dinitro-A/, jV-dipropyl-4-(trifluoromethyl)benzenamine}, pendimethalin
{Af-(l-ethylpropyl)-3,4-dimethyl-2,6-dinitrobenzenamine}, diuron {N ’-(3, 4dichlorophenyl)-;V. TV-dimethylurea}, fluometuron, norflurazon {4-chloro-5(methylamino)-2-(3-(trifluoromethyl)phenyl)-3(2H)-pyridazinone}, metolachlor {2chloro-Af-(2-ethyl-6-methylphenyl)-A/-(2-methoxy-1-methylethyl)acetamide},
pyrithiobac, and clomazone {2-[(2-chlorophenyl)methyl]-4,4-dimethyl-37
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isoxazolidinone} (Anonymous 1999). Because these herbicides are applied at the time
cotton seedlings are vulnerable to diseases, research has examined the possible influence
o f herbicides on seedling disease in cotton.
Research evaluated the effects of trifluralin applied preplant broadcast 1 to 2
months prior to planting and incorporated to a soil depth o f 7.6 to 10.2 cm with a disk,
and banded applications incorporated 3.8 to 5.1 cm with a rotary hoe on seedling diseases
(Standifer et al. 1966). A fungicide was not applied at planting to increase the possibility
of disease. At the Baton Rouge location, soil temperature was 5 C at the time o f cotton
emergence and remained below average (21 C) for 4 weeks. Within a few days after
emergence, plants in the disk-incorporated plots were stunted from the trifluralin, but
stunting was not observed where the herbicide was banded and incorporated. Within a
week o f emergence, plants were dying and Aspergillus, Alternaria, Fusarium spp., and
Rhizoctonia solani were isolated from injured plants. Two months after planting,
significant differences in cotton plant populations between broadcast and banded
treatments were observed. On the Macon Ridge in Louisiana, the highest rates of
trifluralin stunted plants for 6 to 8 weeks, but the plants ultimately recovered. Yields for
all treatments were comparable to the standard treatment of 0.84 kg ai/ha trifluralin
incorporated on the band. The presence or absence o f soil fungicides and environmental
conditions conducive to the pathogens contributed more to phytotoxicity than
preemergence herbicide application method.
Chandler and Santelmann (1968) conducted both greenhouse and field studies to
determine the effect o f four herbicides, nitralin {4-(methylsulfonyl)-2,6-dinitro-Ar,Ardipropylbenzenamine}, trifluralin, fluometuron, and prometryn (A/Ar -bis( 1-methylethyl)8
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6-(methylthio)-l,3,5-triazine-2,4-diamine} on Rhizoctonia solani injury to seedling
cotton plants. Trifluralin, at the lowest rate o f 0.84 kg ai/ha, along with the R. solani at
0.50 parts per hundred (pph) reduced cotton plant growth in the greenhouse compared
with trifluralin alone or the pathogen alone. In another study with the four herbicides and
R. solani, the presence o f the pathogen reduced plant growth and increased disease
severity. In field studies, nitralin and trifluralin combined with the pathogen reduced
cotton plant weights 23 days after planting. Trifluralin, at one location, reduced plant
densities and high rates of trifluralin combined with R. solani reduced yields. Significant
interactions between R. solani and prometryne were observed, but they occurred only
when the herbicide was used at the highest rate (3.36 kg ai/ha).
Studies in Egypt have examined the possible interactions o f herbicides and
pathogens in cotton. Neubauer and Avizohar-Hershenson (1973) studied the effect o f
trifluralin on R. solani with cotton grown in sterilized and non-sterilized soil. Cotton was
grown in sand either treated or not treated with trifluralin and after 7 days was transferred
to soil infested with R. solani. Cotton seedlings grown in soil treated with trifluralin had
a significantly higher incidence o f disease compared with seedlings grown in non-treated
soil. Research also showed that soil treated with trifluralin 7 days before addition of the
fungus had a greater percentage of bean stem segment baits colonized by R. solani than
non-treated soil. This indicated that an increase in the saprophytic activity o f R. solani,
possibly by the trifluralin suppressing other microorganisms, allowed R. solani to
flourish.
El-Khadem et al. (1979) studied the effects o f trifluralin, dinitramine {N, TV,-diethyl2,4-dinitro-6-trifluoromethyl-m-phenediamine}, and fluometuron on the development o f
9
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R. solani. Trifluralin and dinitramine, at lower concentrations, and the highest
concentration o f fluometuron increased the incidence of both preemergence and
postemergence damping-off. Trifluralin, at all concentrations, caused a highly significant
increase in the saprophytic activity o f the fungus, while fluometuron had an inhibitory
effect. This research again showed that certain preemergence herbicides can affect the
development o f plant pathogens in laboratory and field studies. The effect of several
preemergence herbicides on the incidence of disease caused by R. solani and Fusarium
oxysporum f. sp. vasinfectum also was studied (El-Khadem et al. 1984). The highest
concentrations o f the herbicides, especially fluometuron and prometryn, decreased
postemergence damping-off. Disease incidence caused by Fusarium spp. was reduced
significantly by the higher concentrations of all herbicides. In laboratory studies, only
trifluralin, dinitramine, and fluometuron affected the growth o f R. solani in culture.
There was no effect of the herbicides on the saprophytic activity of Fusarium in soil.
Greenhouse and field studies were conducted by researchers in Georgia and Egypt
to evaluate possible interaction between fungicides, herbicides, and R. solani in cotton
(Moustafa-Mahmoud and Sumner 1993). Fungicide use resulted in significantly greater
densities o f cotton compared with the nontreated control. At one location in Egypt, there
was a significant fungicide-herbicide interaction 10 to 40 days after planting. Plant
emergence was increased when the herbicides pendimethalin, prometryn, fluometuron,
and oxyfluorfen {2-chloro- l-(3-ethoxy-4-nitrophenoxy)-4-(trifluoromethyl)benzene}
were used without a fungicide. Use o f a herbicide in plots treated with the fungicides
tolclofos-methyl, carboxin plus oxyquinolate, and pencycuron decreased plant emergence
compared with the no-herbicide control. When a fungicide was not used, norflurazon
10
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improved plant density and oxyfluorfen decreased plant density compared with the no
herbicide and no-fungicide control. Combination o f norflurazon with the fungicides
tolclofos-methyl, pencycuron, and flutolanil reduced plant stand compared with the no
fungicide control. The efficacy of chloroneb, carboxin, PCNB, tolclofos-methyl, and
flutolanil against seedling disases was significantly reduced by all herbicides except
norflurazon.
Other studies conducted in Egypt examined the effect o f the herbicides EPTC {£ethyl dipropyl carbamothioate}and linuron {N ’~ 3,4-(dichlorophenyl)-/V-methoxy-7Vmethylurea} on R. solani and F. oxysporum f. sp. vasinfectum (El-Khadem and Papavizas
1984). At one field site, EPTC and linuron did not affect preemergence or postemergence
damping-off caused by R. solani. The 2x rate o f the herbicides significantly increased
preemergence damping-off, and the lx and 2x rates decreased postemergence dampingoff at the other locations. The highest rates o f both herbicides significantly reduced
Fusarium wilt at all locations. Germination of conidia o f F. oxysporum was not reduced
by either the lx or 2x rate o f either herbicide. Chlamydospore or sclerotia germination of
R. solani was not affected by either herbicide. Previous herbicide-pathogen research
suggests that soil-applied herbicides may predispose cotton to increased incidence o f
seedling disease in the field and herbicides can affect pathogen growth in the laboratory.
With the advent o f the glyphosate-resistant technology in cotton, glyphosate will be
applied very early in the growing season during the time seedling diseases occur. Since
glyphosate is absorbed through plant foliage and translocated symplastically to the
growing points above and below ground, it is possible that glyphosate may impact cotton
seedling disease development. While research has been conducted on the effect o f
11
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glyphosate on various pathogens, reports could not be found in the literature on the effect
of glyphosate on the incidence of cotton seedling diseases.
Research has been conducted on the effect o f glyphosate on pathogens of hosts
other than cotton. Kawate et al. (1992) examined the response o f F. solani f. sp. pisi and
Pythium ultimum to glyphosate in laboratory studies. The diameter o f both Fusarium and
Pythium colonies were slightly stimulated and then inhibited as concentrations o f
glyphosate increased. Conidial production by Fusarium was slightly inhibited and then
stimulated as concentrations of glyphosate increased. Mycelial dry weight experiments
of Pythium showed a quadratic response to increasing glyphosate concentration without
potassium hydroxide (KOH). After KOH was added, mycelial dry weight decreased and
then increased as glyphosate concentration increased. However, these effects could have
been the result o f pH changes caused by glyphosate.
Formulations o f glyphosate with and without surfactants inhibited mycelial growth
of Calonectria crotalariae grown on Phipps selective medium (Berner et al. 1991).
Increasing the herbicide concentration in the medium resulted in decreased colony area.
Addition of the amino acids phenylalanine and tryptophan reversed or blocked the effect
of Rodeo (a formulated glyphosate product containing no surfactant). A field experiment
was conducted to confirm the laboratory findings. The lowest rate o f glyphosate applied
to the soil prior to planting reduced incidence o f red crown rot, while higher rates were
associated with a slight increase in disease incidence. The decrease in disease incidence
is likely due to the herbicide’s fungitoxic effects when it is translocated to the plant roots.
Levesque and Rahe (1987) reported that treatment of weeds with glyphosate lead to
an increase in colonization of certain plants by Fusarium spp. Differences between and
12
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within species were attributed to variations in dose received, phenologic stage of the
plants at time o f application, and variations in the microflora and microenvironment
surrounding the plant. Glyphosate applications also increased the number o f colony
forming units o f Fusarium spp. in the soil. This may have been caused by Fusarium
utilizing the dead plants as an energy source to increase populations. When crops were
planted in the treated plots, crop emergence was not decreased.
A study conducted by Brammall and Higgins (1988) showed that Fusarium
resistant tomato seedlings could be colonized by Fusarium following exposure to
sublethal concentrations o f glyphosate. A positive linear relationship between disease
severity and glyphosate concentration was shown. Increasing levels o f glyphosate
exposure 24 h before inoculation increased susceptibility o f tomato cultivars. Another
aspect of the study involved varying the time o f glyphosate exposure in relation to the
time of inoculation. By delaying glyphosate exposure until after inoculation, plant
susceptibility to the pathogen declined. This was most likely caused by the incorporation
o f phenolic materials into cell walls that was completed before the inhibition of phenolic
metabolism by glyphosate. The study also showed that F. solani f.sp. pisi, which is
normally not pathogenic to tomatoes, could become pathogenic following treatment with
glyphosate. Pathogen colonization in the roots was associated with a decreased
efficiency to incorporate phenolic materials into cortical walls in response to pathogen
attacks at the penetration sites.
Glyphosate is recommended for over-the-top application to glyphosate-resistant
cotton before the four-leaf stage. This period coincides with the time young seedlings are
most susceptible to seedling diseases. There is a possibility that the increased use o f
13
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glyphosate during this time period may affect the incidence or severity of cotton seedling
disease. Little research has been conducted to determine the impact of glyphosate on
insects and plant pathogens. It is plausible that interactions may occur based on results o f
previous research. This research will specifically evaluate glyphosate-insecticide tank
mixtures for early season insect and weed control, glyphosate-resistant cotton response to
simulated thrips damage and glyphosate applications, and influence o f weed control
programs using preemergence herbicides and glyphosate on seedling disease in
glyphosate-resistant cotton.

14
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CHAPTER 2
EARLY SEASON PEST MANAGEMENT IN COTTON
WITH GLYPHOSATE-INSECTICIDE COMBINATIONS
Introduction
In Louisiana, weeds in cotton (Gossypium hirsutum L.) cause an estimated annual
yield reduction o f 9% (Byrd 1998, 1999). Until the introduction o f pyrithiobac {2chloro-6-[(4,6-dimethoxy-2- pyrimidinyl)thio]benzoic acid} and herbicide-resistant
cotton varieties, producers had limited options for early season over-the-top applications.
Herbicides, such as fluometuron {N, A/-dimethyl-iV -[3-(trifluromethyl)phenyl]urea}
often caused excessive crop injury and were used only in salvage situations.
Glyphosate-resistant technology (Monsanto Corp., St. Louis, MO) for cotton was
approved by the EPA in 1996 and was commercially introduced in 1997 (Johnson 1996).
As much as 1.12 kg ai/ha o f glyphosate {/V-lphosphonomethy I)glycine} may be applied
over-the-top o f glyphosate-resistant cotton through the four-leaf stage o f development.1
During this same period, early season insect pests such as thrips and cotton aphids may
be present. By combining an insecticide with glyphosate, producers are afforded the
opportunity to control both insect and weed pests with a single application.
Thrips, Frankliniella spp., and cotton aphids (Aphis gossypii Glover) are the first
insect pests to attack seedling cotton. From 1996 to 1998, thrips infested more than 85%
o f cotton hectarage in Louisiana and more than 50% of the hectarage received insecticide
treatment. However, yield reduction estimates were less than 1% (Williams 1997, 1998,

‘Roundup Ready cotton product label. Monsanto Company, 800 North Lindbergh
Boulevard, St. Louis, MO 63167.
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1999). Thrips are controlled by both at planting in-furrow and foliar insecticide
treatments. The average cost o f an in-furrow treatment from 1996 to 1998 was S19.38
per hectare. The average cost o f a foliar treatment for thrips control during that same
time period was S9.85 per hectare (Williams 1997, 1998, 1999).
Research with herbicide-insecticide combinations has been conducted in cotton,
soybean [Glycine max (L.) Merr.], rice (Oryza sativa L.), and field com (Zea mays L.),
and has most often involved soil-applied insecticides, rather than foliar applied
insecticides. In cotton, researchers have examined the potential interactions between both
in-furrow and foliar insecticides with herbicides. In a greenhouse experiment, a
preemergence application o f monuron {Ar’-(4-chlorophenyl)-Ar, W-dimethylurea} or
diuron {Ar -(3,4-dichlorophenyl)-7V>Ar-dimethylurea} following a soil application o f
phorate {0,0-diethyl S-[(ethyIthio) methyl] phosphorodithioate}or disulfoton {0,0diethyl S-[2-(ethylthio)ethyl]phosphorodithioate} resulted in phytotoxicity to cotton
seedlings above that observed for the herbicide alone (Hacskaylo et al. 1964). Arle
(1968) observed increased cotton seedling growth with soil-incorporated phorate or
disulfoton and trifluralin {2,6-dinitro-A(Ar-dipropyI-4-(trifluromethyl)benzenamine}
compared with trifluralin alone in greenhouse experiments. This increased growth was
due more to the increased number o f secondary roots. The insecticides, phorate more so
than disulfoton, helped the plants overcome the inhibitory effects o f trifluralin. Hassaway
and Hamilton (1971) found combinations o f trifluralin and phorate in a greenhouse
experiment did not affect cotton germination. High rates o f phorate alone reduced shoot
weights, while root weights o f phorate-treated plants were higher than trifluralin-treated
plants. Cotton seedlings grown in Hoagland's solution treated with trifluralin and phorate
16
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produced more lateral roots than plants treated with trifluralin alone. Phorate may help
cotton plants overcome the inhibitory effect o f trifluralin by competing with the herbicide
for absorption sites on the root.
Several studies have also been conducted in cotton examining potential interactions
between foliar applied insecticide and herbicide combinations. Jordan et al. (1993) found
that addition o f the insecticides, acephate {(9,5-dimethyl acetylphosphoramidothioate},
carbary 1 {1-naphthyl N-methylcarbamate}, ordimethoate {0, (9-dimethyl S-(Nmethylcarbamoyl methyl) phosphorodithioate} to pyrithiobac did not influence entireleaf
momingglory (Ipomoea hederacea var. integriuscula Gray) control. Insecticides co
applied with bromoxynil {3,5-dibromo-4-hydroxybenzonitrile} did not affect control of
boll weevil (Anthonomous grandis grandis Boheman), tarnished plant bugs [Lygus
lineolaris (Palisot de Beauvois)], or tobacco budworms [Heliothis virescens (F.)] (Scott et
al. 1996). Mascarenhas and Griffin (1997) reported that addition o f imidacloprid {l-[(6chloro-3-pyridinyl)methyl]-/V-nitro-2 imidazolidinimine} to glyphosate reduced
bamyardgrass control [Echinocloa crus-galli (L.)Beauv]. Chlorpyrifos {(9,(9-diethyl-0(3,5,6-trichloro-2-pyridinyl)phosphorothioate}, fiproni 1 {5-amino-1-(2,6-dichloro-4(trifluoromethyl) phenyl)-4-((l,R,S)-(trifluoromethyl)sulfinyl)-l-H-pyrazole-3carbonitrile}, methamidophos {0,5-dimethyl phosphoroamidothioate} or imidacloprid
co-applied with glyphosate reduced pitted momingglory (.Ipomoea lacunosa L.) control.
Cotton aphid (Aphis gosspyii Glover) control was reduced by glyphosate co-applied with
oxydemeton-methyl (5-[2-(ethylsulfinyl)ethyl] O, (9-dimethyl phosphorothioate}.
Studies in soybeans have examined the potential interaction o f systemic insecticides
and preemergence herbicides. Hayes et al. (1979) found that metribuzin {4-amino-6-(l,l17
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dimethylethyl)-3-(methylthio)-1,2,4-triazin-5(4//)-one} applied preemergence and either
phorate or disulfoton applied in-furrow at planting reduced both soybean yield and plant
densities even at recommended rates. When linuron {N ’-(3,4-dichlorophenyl)-./\rmethoxy-Af-methylurea} was applied preemergence along with phorate or disulfoton at
the recommended rates, soybean yield or plant density was not reduced. Waldrop and
Banks (1983) observed increased visual injury and lower shoot and root weights when
metribuzin was applied along with phorate and terbufos {S-[[l,l(dimethylethyl)thio]methyl] 0,0-diethyl phosphorodithioate} in the greenhouse and
lower plant densities and yields in the field experiment. An in-furrow application o f
aldicarb {2-methyl-2-(methylthio) propionaldehyde O-(methylcarbamoyl) oxime} along
with oryzalin {4-(dipropylamino)-3,5-dinitrobenzenesulfonamide} preemergence reduced
soybean root and shoot weights compared with the non-treated control and with each
pesticide alone. None o f the postemergence herbicides interacted with the systemic
insecticides in the greenhouse or field study. The organophosphate insecticides,
malathion {0,0-dimethyl phosphorodithioate o f diethyl mercaptosuccinate}, parathion
{0,0-dimethyl 0-(p-nitrophenyl) phosphorothioate}, and diazinon {0,0-diethyl 0-(2isopropyl-6-methyl-4-pyrimidinyl) phosphorothioate} co-applied with bentazon {3-(lmethylethyl)-(l//)-2,l,3-benzothiadiazin-4(3//)-one 2,2-dioxide} reduced soybean fresh
weight (Campbell and Penner 1982). These same tank mixtures reduced plant fresh
weight in navy bean (Phaseolus vulgaris L.) When malathion was applied alone 48 hours
before or after bentazon treatment, severe injury occurred, indicating that the interaction
must occur on the leaf surface.

18
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Interactions in rice between propanil and several insecticides have been examined
(Frear and Still 1968; Matsunaka 1968). El-Refai and Mowafy (1973) showed that
propanil {^-(3,4-dichloropheny l)propanimide} applied one day following carbaryl {1naphthyl methylcarbamate} killed most rice plants. Propanil following a carbofuran
{2,3-dihydroxy-2,2-dimethyl-7-benzofuranyI methylcarbamate} application caused leaf
chlorosis and necrosis that lasted up to four weeks (Smith and Tugwell 1975). Rice was
injured more when the carbamate insecticides, carbaryl or methomyl {5-methyl-N[(methylcarbamoyl)oxy] thioacetimidate} was applied in combination with propanil
rather than methyl parathion {0,0-dimethyl O-p-nitrophenyl phosophorothioate}, an
organophosphate insecticide. The interaction o f propanil and carbaryl reduced rice yield
(Khodayari et al. 1986). The enzyme responsible for detoxifying propanil, arylacylamine amidohydrolase, (E. C. 3.5.1.13), is inhibited by insecticides resulting in
higher injury when propanil and certain insecticides are applied.
The interaction between terbufos, a soil-applied com insecticide, and the
postemergence sulfonylurea herbicides nicosulfuron {2-[[[[4,6-dimethoxy-2pyrimidinyl)amino]carbonyl]amino]sulfonyl]-Af Af-dimethyl-3-pyridinecarboxamide} or
primisulfuron {2-[[[[[4,6-bis(difluoromethoxy)-2pyrimidinyl]amino]carbonyl]amino]sulfonyl]benzoic} has resulted in field com injury.
Biediger et al. (1992) showed that postemergence applications of primisulfuron following
in-furrow applications o f disulfoton, fonofos {0-ethyl 5-phenyl
ethylphosphonodithioate}, isozophos {0-(5-chloro-l-[l -methyl ethyl]-1H -1,2,4-triazol-3yl}, or terbufos injured com foliage and roots, and reduced height and yield compared
with the nontreated control. Nicosulfuron applied postemergence following terbufos in19
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furrow resulted in visual crop injury up to 60 days after application. The lowest yields
were observed when nicosulfuron was applied following terbufos (Kapusta and Krausz
1992). Field experiments in Michigan, Minnesota, and Wisconsin also showed that
applications o f nicosulfuron following soil-applied terbufos decreased com yield (Morton
et al. 1993). Frazier et al. (1993) reported that terbufos applied in-furrow decreased
primisulfuron metabolism, which could account for the com phytotoxicity.
The objective o f this research was to evaluate the effect o f glyphosate-insecticide
tank mixtures on insect and weed control and cotton plant phytotoxicity.
Materials and Methods
Insecticide Efficacy
Experiments were conducted at the Macon Ridge location o f the Northeast Research
Station near Winnsboro, LA, from 1997 to 1999 and at the Northeast Research Station,
near St. Joseph, LA in 1998 to evaluate the effect o f glyphosate on insecticide efficacy
against thrips, Frankliniella spp., and cotton aphids. In 1997 and 1998 at both the Macon
Ridge and the Northeast Research Station locations, treatments included glyphosate
(Roundup Ultra 4L at 0.84 kg ai/ha) and the following insecticides: dicrctophos
{dimethyl phosphate of 3-hydroxy MW-dimethyl-cis-crotonamide} (Bidrin 8EC at 0.37
kg ai/ha); dimethoate (Dimethoate 4EC at 0.22 kg ai/ha); lambda-cyhzXolhnn
{[ 1a(S*),3a(Z)]-(±)-cyano-(3-phenoxyphenyl)methyl-3-(2-chloro-3,3,3-trifluoro-1propenyl)-2,2-dimethylcyclopropanecarboxylate} (Karate 1EC at 0.037 kg ai/ha);
acephate (Orthene 90SP at 0.37 kg ai/ha); imidacloprid (Provado 1.6F at 0.052 kg
ai/ha); fipronil (Regent 80WG at 0.056 kg ai/ha); and oxamyl {methyl N’N ’-dimethyl-N[(methylcarbamoyl)oxy]-l-thiooxamimidate} (Vydate 3.7L at 0.28 kg ai/ha). A second
20
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experiment in 1998 at Macon Ridge included glyphosate formulated with surfactant
(Roundup Ultra 4L) and glyphosate formulated without surfactant (Roundup D-Pak
6.42L) at 0.84 kg /ha with oxamyl, dicrotophos, and imidacloprid at the previously
mentioned rates. In 1999 at Macon Ridge, only acephate, dicrotophos, dimethoate, and
imidacloprid were used at the previously mentioned rates with glyphosate (Roundup
Ultra). In all experiments, insecticides were applied alone and in combination with
glyphosate using a CO, backpack sprayer calibrated to deliver 140 L/ha at 165 kPa.
Cotton plants at time of application ranged from 3 to 5 leaves in all experiments. Insect
control was determined 3 or 4 and 7 days after treatment (DAT) using a whole plantwashing procedure followed by counting the insects with the aid o f a binocular
microscope (Burris et al. 1990). Data were subjected to analysis o f variance and if a
significant treatment effect was observed, means were compared using pairwise
comparisons. Pairwise comparisons compared all insecticides and insecticide plus
glyphosate treatments with the nontreated control as well as each insecticide applied
alone compared with the insecticide and glyphosate treatment. Comparisons were
considered to be significant at P<0.10.
Weed Control
Experiments were conducted in 1997 and 1998 in a non-crop area at the Ben Hur
Research Farm near Baton Rouge, LA, to evaluate weed control with various glyphosateinsecticide combinations. Treatments included glyphosate (Roundup Ultra 4L at 0.84 kg
/ha) alone or tank mixed with the insecticides and rates specified for the insecticide
efficacy experiments conducted during 1997 and 1998. In 1997, endosulfan
{hexachlorohexahydromethano-2,4,3-benzodioxathiepin 3-oxide} (Thiodan 3EC at 0.42
21
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kg ai/ha) was also included. All treatments were applied using a C 0 2 backpack sprayer
calibrated to deliver 140 L/ha at 186 kPa. Weed control was evaluated 14 and 28 DAT
using a visual rating scale o f 0 (no weed control) to 100% (all plants dead). Weeds
evaluated included bamyardgrass, hemp sesbania [Sesbania exaltata (Raf.) Rydb. ex A.
W. Hill], northern jointvetch (Aeschynomene virginica L.), pitted momingglory (Ipomoea
lacunosa L.), prickly sida (Sida spinosa L), and redweed (Melochia corchorifolia L). In
experiment one in 1997, weed sizes at time of application were bamyardgrass 10.2 to 12.7
cm, hemp sesbania 5.1 to 11.4 cm, pitted momingglory 3.8 to 12.7 cm, and redweed 5.1
to 7.6 cm. In experiment two in 1997, pitted momingglory was 20.3 to 25.4 cm, prickly
sida 10.2 to 15.2 cm, and redweed 10.2 to 12.7 cm. In 1998, hemp sesbania was 20.3 to
25.4 cm, northern jointvetch 10.2 to 15.2 cm, pitted momingglory 30.5 to 60.9 cm, and
prickly sida 12.7 to 20.3 cm. Treatments targeted large weeds to aid in demonstrating
any antagonism by the insecticides on glyphosate. Data were subjected to analysis o f
variance and means separated using Fisher’s protected least significant differences (LSD)
at P<0.05 level of significance. A nontreated control was included in each experiment,
but was not included in the statistical analysis.
Results and Discussion
Insecticide Efficacy
In the 1997 experiment 4 DAT, all treatments except oxamyl, fipronil, and
dimethoate, reduced numbers o f cotton aphids compared with the nontreated control
(Table 2.1). The addition of glyphosate to oxamyl significantly improved control
compared with oxamyl alone (/>=0.043). No significant differences in cotton aphid
numbers among treatments were observed 7 DAT. Only the acephate plus glyphosate
22
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Table 2.1. Early season insect pest control with various insecticides applied alone and in combination with glyphosate during 1997 at
the M acon Ridge location o f the Northeast Research Station, Winnsboro, LA.

Treatment
Acephate
Acephate + glyphosate

Application
rate
kg ai/ha
0.37
0.37 + 0.84

Cotton aphids/10 plants
4 DATb
7 DAT
no.
57.0*c
91.7
51.3*
98.0

Lam/w/a-cyhalothrin
Lflw/w/a-cyhalothrin + glyphosate

0.04
0.04 + 0.84

59.3*
52.7*

Oxamyl
Oxamyl + glyphosate

0.28
0.28 + 0.84

147.7+d
72.3

Fipronil
Fipronil + glyphosate

0.06
0.06 + 0.84

99.0
35.1*

Dicrotophos
Dicrotophos + glyphosate

0.37
0.37 + 0.84

Dimethoate
Dimethoate + glyphosate
Imidacloprid
Imidacloprid + glyphosate

Thrips/10 plants3
4 DAT
7 DAT
------- no.
0.0
2.0
0.3*
0.7

94.7
55.0

1.3
0.3*

1.3
0.3

103.0
68.7

4.0+
1.0

1.7
0.7

68.0
40.7

1.3
1.0

2.3
1.7

54.0*
29.3*

91.0
30.0

1.0
1.0

4.7*+
0.0

0.22
0.22 + 0.84

88.0
58.3*

68.0
94.7

1.0
1.0

0.3
0.7

0.05
0.05 + 0.84

46.3*
22.0*

44.3
46.0

5.7
3.3

0.7
2.3

Nontreated control
126.3
74.3
3.7
1.7
“Includes adult and thrips larvae.
bDAT = days after treatment.
cAn asterisk (*) indicates that the treatment was significantly different from the nontreated control based on pairwise comparison
(P<0.10).
dA plus symbol (+) indicates that the insecticide alone was significantly different from the insccticide-glyphosate combination based
on pairwise comparison (P<0.10).

(P=0.057) and lambda cyhalothrin plus glyphosate (P=0.057) tank mixtures reduced
total numbers o f thrips compared with the nontreated control 4 DAT. Except for the
dicrotophos-glyphosate combination, none o f the treatments reduced total thrips
compared with the nontreated control 7 DAT. Thrips control was greater for the oxamylglyphosate (/M3.085) combination 4 DAT and for the dicrotophos-glyphosate
combination (P=0.002) 7 DAT when compared with the herbicide applied alone.
Improved control o f thrips with the addition of glyphosate could possibly be the result of
the surfactants contained within the glyphosate formulation.
At the Macon Ridge location of the Northeast Research Station in 1998, all
insecticides and insecticide-glyphosate combinations except fipronil alone and oxamyl
plus glyphosate reduced number o f thrips larvae 3 DAT compared with the nontreated
control (Table 2.2). Dimethoate alone controlled more thrips larvae compared with
dimethoate plus glyphosate (P=0.005). Adult thrips were reduced by all insecticides
applied alone compared with the nontreated control. All insecticide-glyphosate
combinations except acephate plus glyphosate reduced the number o f adult thrips
compared with the nontreated control. Acephate alone (/*=0.058) and dimethoate alone
(P=0.005) controlled more adult thrips 3 DAT than the tank mixtures o f the individual
insecticides with glyphosate. Total thrips were reduced with treatments 49% to 84%
compared with the nontreated control. Total thrips numbers were lower where
dimethoate alone (P=0.002) was applied compared with dimethoate plus glyphosate.
Thrips populations in these experiments were low and it is difficult to determine whether
any actual antagonism or synergism occurred.
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Table 2.2. Thrips control 3 and 7 days after application o f various insecticides applied alone and in combination with glyphosate in
1998 at the Macon Ridge location o f the Northeast Research Station, Winnsboro, LA.

Thrips/10 plants
Treatment
Acephate
Acephate+glyphosate

Application
rate
kg ai/ha
0.37
0.37 + 0.84

lmmatures
17.5*b
12.0*

3 DAT1
Adult
no.
1.3*+c
4.8

Total

lmmatures

18.8*
16.8*

4.0
3.0

7 DAT
Adult
no.
21.3*
21.5*

Total
25.3*
24.5*

Lambda-cyha\oihrin
Larobr/a-cyhalothrin+glyphosate

0.04
0.04 + 0.84

11.5*
7.8*

2.0*
3.0*

13.5*
10.8*

9.0
6.5

29.3*
35.5*

38.3*
42.0*

Oxamyl
Oxamyl+glyphosate

0.28
0.28 + 0.84

12.0*
20.0

1.8*
2.3*

13.8*
22.3*

10.3
22.0

31.8*
33.0*

42.0*
55.0

Fipronil
Fipronil+glyphosate

0.06
0.06 + 0.84

20.5
19.0*

1.5*
2.3*

22.0*
21.3*

11.3
7.5

25.8*
28.3*

37.0*
35.8*

Dicrotophos
Dicrotophos+glyphosate

0.37
0.37 + 0.84

11.5*
12.8*

2.3*
1.0*

13.8*
13.8*

14.3
7.5

45.5
39.5*

59.8
47.0

Dimethoate
Dimethoate+glyphosate

0.22
0.22 + 0.84

26.5*+
20.0*

32.5*+
26.0*

Imidacloprid
Imidacloprid+glyphosate

0.05
0.84

38.3*
32.0*

77.3+
44.5

5.8* +
6.3*
16.3*
9.8*

1.3* +
1.8*
3.0*
1.0*

7.0* +
8.0*
19.3*
10.8*

6.0
6.0
39.0*+
12.5

Nontreated control
36.0
43.7
12.8
73.3
7.7
60.5*
“DAT = days after treatment.
bAn asterisk (*) indicates that the treatment was significantly different from the nontreated control based on pairwise comparison
(P<0.10).
CA plus symbol (+) indicates that the insecticide alone was significantly different from the glyphosate-insecticide combination based
on pairwise comparison (P<0.10).

At 7 DAT, none of the treatments reduced numbers o f thrips larvae compared with
the nontreated control (Table 2.2). The addition of glyphosate to imidacloprid improved
control of thrips larvae (P=0.014) compared with imidacloprid alone 7 DAT. Except for
dicrotophos (P=0.176), all insecticides applied alone or in combination with glyphosate
significantly reduced adult thrips compared with the nontreated control. Dimethoate was
the only insecticide in which the addition o f glyphosate improved control o f adult thrips
(P=0.0006). Total numbers o f thrips for the nontreated control were reduced 43% to 65%
compared with acephate (P=0.013), /a/w&fa-cyhalothrin (P=0.066), oxamyl (P=0.099),
fipronil (P=0.058), and dimethoate (/*=0.034). The tank mixtures o f glyphosate with
acephate (P=0.012), lambda-cyhalothrin (P=0.099), fipronil (P=0.05), or dimethoate
(Z^O.015) reduced the total number o f thrips 43% to 67% compared with the nontreated
control. The combination of glyphosate and dimethoate (P=0.015) or glyphosate and
imidacloprid (P=0.085) improved thrips control 7 DAT compared with the insecticides
alone. The improved control of thrips observed following the addition o f glyphosate
appears to be due to some component o f the glyphosate formulation that is toxic to
insects. Due to extremely low cotton aphid numbers (less than 5 aphids/10 plants) in
1998 at the Macon Ridge location, significant differences (P<0.10) among treatments
were not observed at either rating date (data not shown).
In 1998 at St. Joseph, cotton aphid numbers were extremely low at both ratings and
none o f insecticide/herbicide treatments reduced aphids compared with the nontreated
control (Table 2.3). However at 7 DAT, /am6</a-cyhalothrin alone provided better
control o f aphids compared with /a/n&/n-cyhalothrin plus glyphosate (/>=0.054). The
/amfo/a-cyhalothrin plus glyphosate combination appears to be antagonistic, but this
26
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Table 2.3. Early season insect pest control with various insecticides applied alone and in combination with glyphosate during 1998 at
the Northeast Research Station, St. Joseph, LA.

Treatment
Acephate
Acephate + glyphosate

Application
rate
kg ai/ha
0.37
0.37 + 0.84

Cotton aphids/10 plants
4 DATb
7 DAT
no.
0.5
0.3
0.3
0.5

Thrips/10 plants"
4 DAT
7 DAT
--------- no.
4.0
5.5*c
2.5
1.0*

LawMfl-cyhalothrin
/.awMa-cyhalothrin + glyphosate

0.04
0.04 + 0.84

0.5
0.0

0.5+d
1.3*

1.8
0.8*

Oxamyl
Oxamyl + glyphosate

0.28
0.28 + 0.84

0.0
0.5

0.0
0.3

16.3
11.5

Fipronil
Fipronil + glyphosate

0.06
0.06 + 0.84

0.5
0.0

0.0
0.0

1.5
2.3

Dicrotophos
Dicrotophos + glyphosate

0.37
0.37 + 0.84

0.0
0.5

0.3
0.0

6.0
3.5

11.5
11.0

Dimethoate
Dimethoate + glyphosate

0.22
0.22 + 0.84

0.8
0.0

0.0
0.0

3.6
6.6

11.0
7.3

Imidacloprid
Imidacloprid + glyphosate

0.05
0.05 + 0.84

0.0
0.3

0.0
0.3

9.5
10.8

11.3
12.3

7.3
3.8*
15.7
10.5
4.8*
2.3*

Nontreated control
11.0
0.3
0.3
15.3
"Adult and immature thrips.
bDAT = days after treatment.
cAn asterisk (*) indicates that the treatment was significantly different front the nontreated control based on pairwise comparison
(P<0.10).
dA plus symbol (+) indicates that the insecticide alone was significantly different from the insecticide-glyphosate combination based
on pairwise comparison (P<0.10).

conclusion should be taken with caution due to the extremely low aphid numbers. At 4
DAT, only /amlu/a-cyhalothrin plus glyphosate(P=0.094) reduced thrips compared with
the nontreated control. Acephate (P=0.Q97), acephate plus glyphosate (P=0.017),
lambda-cyhalothrin plus glyphosate (P=0.052), fipronil (P=0.100), and fipronil plus
glyphosate (P=0.029) reduced thrips compared with the nontreated control 7 DAT.
Two formulations o f glyphosate (with and without surfactant) were evaluated in
combination with insecticides in 1998 at the Macon Ridge location. At 3 DAT, no
differences among treatments in cotton aphid control were observed (Table 2.4).
Imidacloprid (P=0.094) and dicrotophos (P=0.100) reduced aphid numbers compared
with the nontreated control 7 DAT. Oxamyl applied alone reduced cotton aphid numbers
compared with the oxamyl-glyphosate without surfactant combination (P=0.043). The
addition o f glyphosate with surfactant to oxamyl reduced cotton aphid numbers 75%
compared with oxamyl plus glyphosate without surfactant (/>=0.100). This decrease in
cotton aphid numbers could be due to some interaction between oxamyl, a carbamate
insecticide, and the surfactants present in the glyphosate formulation evaluated. Cotton
treated only with glyphosate without surfactant had numerically more cotton aphids 7
DAT than cotton treated with glyphosate with surfactant, though this difference was not
significant. These data also seem to indicate that the surfactants contained in the
glyphosate formulation may have some insecticidal properties.
Oxamyl (P=0.025), dicrotophos (P=O.071), and imidacloprid (P=0.081) applied
alone reduced total numbers o f thrips 3 DAT compared with the nontreated control.
Additionally, all insecticide-glyphosate combinations reduced thrips compared with the
nontreated control 3 DAT. For all glyphosate-insecticide combinations, only the
28
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Table 2.4. Early season insect pest control with various insecticides applied alone and in combination with glyphosate formulated
with and without surfactant during 1998 at the Macon Ridge location o f the Northeast Research Station, Winnsboro, LA.

Treatment
Oxamyl
Oxamyl + glyphosate and surfactant0
Oxamyl + glyphosate*1

Application
rate
kg ai/ha
0.28
0.28 + 0.84
0.28 + 0.84

Cotton anhids/10 plants
3 DATb
7 DAT
no.
1.8
1.8
3.0
8.3
33.5+f
9.3

Thrios/10 nlants3
3 DAT
7 DAT
no.
5.5*c
46.8*
8.8*
53.3*
8.8*
53.8*

Dicrotophos
Dicrotophos + glyphosate and surfactant
Dicrotophos + glyphosate

0.37
0.37 + 0.84
0.37 + 0.84

1.5
1.0
1.5

0.8*
6.5
7.8

9.3*
8.0*
5.8*

21.5*
10.3*
23.3*

Imidacloprid
Imidacloprid + glyphosate and surfactant
Imidacloprid + glyphosate

0.05
0.05 + 0.84
0.05 + 0.84

1.8
0.3
0.5

0.3*
1.8
1.8

8.6*
2.3*
9.3*

37.8*
35.3*
57.3

Glyphosate and surfactant
Glyphosate

0.84
0.84

4.5
10.3

5.5
20.5

28.0
12.8

71.8
46.0*

Nontreated control
4.3
26.3
24.0
81.8
“Adult and immature thrips.
bDAT = days after treatment.
cRoundup Ultra 4L formulation.
dRoundup D-Pak 6.42L formulation.
cAn asterisk (*) indicates that the treatment was significantly different from the nontreated control based on pairwise comparison
(P<0.10).
rA plus symbol (+) indicates that the insecticide plus glyphosate with surfactant combination was significantly different from the
insecticide plus glyphosate without surfactant combination based on pairwise comparison (P<0.10).

imidacloprid plus glyphosate without surfactant did not reduce thrips numbers compared
with the nontreated control 7 DAT. The insecticides oxamyl (P=0.039), dicrotophos
(P=0.001), and imidacloprid (P=0.011) and glyphosate without surfactant (P=0.036)
reduced total thrips compared with the nontreated control 7 DAT. The glyphosate
formulation containing surfactant did not reduce thrips when compared with the
glyphosate formulation without surfactant. In previous experiments, the glyphosate
formulation with a surfactant co-applied with certain insecticides had better cotton aphid
and thrips control compared with insecticides applied alone (Tables 2.1 and 2.2).
Cotton aphid numbers were very high in the 1999 experiment at the Macon Ridge
location of the Northeast Research Station. Dicrotophos (/*=0.064) and imidacloprid
(P=0.001) applied alone reduced aphid numbers compared with the nontreated control 4
DAT (Table 2.5). Addition of glyphosate to acephate (P=0.096), dicrotophos
(P=0.0004), and imidacloprid (P=0.0004) reduced aphids compared with the nontreated
control. Dicrotophos plus glyphosate reduced aphid numbers compared with dicrotophos
alone (f*=0.043). For thrips, acephate alone (F*=0.064) and the combinations of
glyphosate with acephate (P=0.0401), dicrotophos (P=0.052), and dimethoate (P=0.066)
reduced total number of thrips compared with the nontreated control 4 DAT.
Previous research suggests that the use o f adjuvants can improve efficacy of
insecticides. Matsumura (1985) reported that an oil-based adjuvant may improve
attachment o f an insecticide to an insect cuticle. Oils also may facilitate penetration of
the insecticide through the insect cuticle by dissolving epicuticular waxes and/or
disrupting the internal protein organization o f the cuticle. Control o f aphids on cabbage
and turnips was increased with the addition o f paraffin oils to certain organophosphate
30
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Table 2.5. Early season insect pest control 4 days after application o f various insecticides applied alone and in com bination with
glyphosate during 1999 at the M acon R idge location o f the N ortheast Research Station, W innsboro, LA.

Treatment
Acephate
Acephate+glyphosate

Application
rate
kg ai/ha
0.37
0.37 + 0.84

Aphids/10 plants
------------------------ no.
210.3
156.3*b

Thrips/10 plants"
1.0*
1.0*

Dicrotophos
Dicrotophos+glyphosate

0.37
0.37 + 0.84

147.0*+c
54.5*

2.5
1.3*

Dimethoate
Dimethoate+glyphosate

0.22
0.22 + 0.84

204.5
167.5

2.3
1.5*

Imidacloprid
Imidacloprid+glyphosate

0.05
0.05 + 0.84

74.8*
53.8*

4.5
4.3

5.5
Nontreated control
231.3
“Adult and immature thrips
bAn asterisk (*) indicates that the treatment was significantly different from the nontreatcd control based on pairwise comparison
(P<0.10).
CA plus symbol (+) indicates that the insecticide alone was significantly different from the insecticide-glyphosate combination based
on pairwise comparison (P<0.10).

insecticides (Wolfenbarger 1964). However, Boethel et al. (1984) reported similar
control o f threecomered alfalfa hoppers, Spissistilus festinus Say, in soybeans with
permethrin {(3-phenoxyphenyl)methyl(±)-c/s, /ra«5-3-(2,2-dichloroethenyl)2,2dimethylcyclopropanecarboxylate} when applied either in water or soybean oil.
Grunberg (1967) reported that mineral and plant oils are poisons that interfere with insect
respiration. Mineral oils, that interfere with respiration, may contribute to synergism with
insecticides that act on insect nervous systems (Ishaaya et al. 1986).
Insecticides that are recommended for cotton aphid control include dicrotophos,
dimethoate, and imidacloprid (Anonymous 1998). In the present study, significant cotton
aphid numbers occurred in only two tests over the three year period. Only in 1999 did the
addition o f glyphosate to dicrotophos enhance control o f aphids compared with the
insecticide applied alone. Thrips populations were variable throughout the course o f this
study. The addition of glyphosate to acephate, dicrotophos, and dimethoate did improve
control in several tests. Improved control is most likely due to the surfactants contained
in the glyphosate formulation. Findings from this research clearly demonstrate the
inconsistency in response that can be expected under variable insect populations and
suggest that producers should not expect any consistent beneficial response from
glyphosate - insecticide combinations. More importantly, these data suggest that
antagonism would not be expected.
Weed C ontrol
In the first experiment during 1997 conducted at the Ben Hur Research Farm,
control o f hemp sesbania, bamyardgrass, and pitted momingglory 14 and 28 DAT with
the glyphosate-insecticide tank mixtures was equivalent to that when glyphosate applied
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alone (Table 2.6). The glyphosate plus /amfafa-cyhalothrin and glyphosate plus
endosulfan treatments provided less redweed control (88 and 85%, respectively) 14 DAT
compared with glyphosate alone (93%). At 28 DAT, there were no differences in
redweed control among treatments. Application of glyphosate alone controlled hemp
sesbania 96%, bamyardgrass, 71%, pitted momingglory 80%, and redweed 85% 28 DAT.
In experiment 2 during 1997, with the exception o f prickly sida control 14 DAT,
weed control was equivalent whether glyphosate was applied alone or with an insecticide
(Table 2.7). Even though differences in control were observed for prickly sida 14 DAT,
control was only 56% when glyphosate was applied alone. This compares with no more
than 39% control for glyphosate in combination with dicrotophos, imidacloprid,
endosulfan, or oxamyl. Control 28 DAT with glyphosate-insecticide combinations or
glyphosate alone ranged from 50 to 62% for prickly sida, 69 to 74% for redweed, and 66
to 81 % for pitted momingglory.
In 1998 at 14 DAT, control o f hemp sesbania, northern jointvetch, pitted
momingglory, and prickly sida with glyphosate was not affected by addition of
insecticides (Table 2.8). Combinations of fipronil or lambda-cyha\o\hnn with glyphosate
reduced control of hemp sesbania 28 DAT compared with glyphosate, but none o f the
treatments provided more than 74% control. Control o f hemp sesbania 28 DAT was
enhanced when glyphosate was co-applied with dimethoate (74%). Control of northern
jointvetch, pitted momingglory, or prickly sida 28 DAT was equivalent for glyphosate
applied alone or in combination with an insecticide. Glyphosate alone controlled hemp
sesbania 68%, northern jointvetch 100%, pitted momingglory 71%, and prickly sida 71%
28 DAT.
33
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Table 2.6. Hemp sesbania, bamyardgrass, pitted momingglory, and redweed control 14 and 28 days after treatment (DAT) with
glyphosate-insecticide combinations in experiment I at the Ben Hur Research Farm near Baton Rouge, LA during 1997.

Treatment®

Hemn sesbania
14 DAT
28 DAT

Bamvarderass
14 DAT 28 DAT

Pitted momineelorv
14 DAT 28 DAT

Redweed
14 DAT
28 DAT

n/
/o

Glyphosate
94
96
98
71
91
80
93
85
Glyphosate + acephate
89
97
88
74
94
92
63
87
Glyphosate + /nmbda-cyhalothrin
90
94
78
97
73
86
88
83
Glyphosate + oxamyl
91
96
72
81
81
90
89
87
Glyphosate + fipronil
94
96
86
89
74
80
91
88
Glyphosate + endosulfan
88
96
90
93
71
84
85
87
Glyphosate + dimethoate
91
91
96
97
73
87
82
88
Glyphosate + dicrotophos
90
97
70
81
95
89
90
87
Glyphosate + imidacloprid
92
80
79
94
96
80
89
90
0
Nontreated control
0
0
0
0
0
0
0
LSD (0.05)
NS
NS
NS
NS
5
NS
NS
NS
“Application rates:glyphosate at 0.84 kg ai/ha, acephate at 0.37 kg ai/ha, /nwMa-cyhalothrin at 0.037 kg ai/ha, oxamyl at 0.28 kg
ai/ha, fipronil at 0.0S6 kg ai/ha, endosulfan at 0.42 kg ai/ha, dimethoate at 0.22 kg ai/ha, dicrotophos at 0.37 kg ai/ha, and
imidacloprid at 0.0S3 kg ai/ha.
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Table 2.7. Prickly sida, redweed, and pitted momingglory control 14 and 28 days after treatment (DAT) with glyphosate-insecticide
combinations in experiment 2 at the Ben Hur Research Farm near Baton Rouge, LA during 1997.
Redweed
Pitted momingglorv
14 DAT
28 DAT
14 DAT
28 DAT
%'
56
54
81
Glyphosate1
62
65
73
71
Glyphosate + acephate
48
54
62
71
51
60
65
41
70
Glyphosate + /awZv/«-cyhalothrin 53
71
Glyphosate + oxamyl
36
50
69
61
46
78
46
Glyphosate + fipronil
51
60
69
50
66
Glyphosate + endosulfan
39
53
63
73
53
70
Glyphosate + dimethoate
49
65
65
74
51
75
35
Glyphosate + dicrotophos
53
58
50
69
75
Glyphosate + imidacloprid
36
55
59
71
43
68
Nontreated control
0
0
0
0
0
0
LSD f0.051
10
NS
NS
NS
NS
NS
"Application rates:glyphosate at 0.84 kg ai/ha, acephate at 0.37 kg ai/ha, /a/wMa-cyhalothrin at 0.037 kg ai/ha, oxamyl at 0.28 kg
ai/ha, fipronil at 0.056 kg ai/ha, endosulfan at 0.42 kg ai/ha, dimethoate at 0.22 kg ai/ha, dicrotophos at 0.37 kg ai/ha, and
imidacloprid at 0.053 kg ai/ha.

Treatment*

Pricklv sida
28 WAT
14 DAT
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Table 2.8. Hemp sesbania, northern jointvetch, pitted momingglory, and prickly sida control 14 and 28 days after treatment (DAT)
with glyphosate-insecticide combinations at the Ben Hur Research Farm near Baton Rouge, LA during 1998.a
Hemp sesbania
Treatment11___________________ 14 DAT 28 DAT

Northern jointvetch
14 DAT 28 DAT

Pitted momingglory
14 DAT 28 DAT

Prickly sida
14 DAT 28 DAT

%

66
Glyphosate
74
68
100
100
71
71
71
100
100
67
68
73
68
Glyphosate + acephate
77
71
75
100
Glyphosate + /am/w/a-cyhalothrin
49
100
63
68
71
66
76
100
100
61
68
73
72
Glyphosate + oxamyl
67
Glyphosate + fipronil
59
100
100
72
77
64
68
69
76
70
Glyphosate + endosulfan
64
100
100
62
71
68
Glyphosate + dimethoate
79
74
100
100
72
67
71
67
Glyphosate + dicrotophos
76
73
100
100
67
73
71
72
Glyphosate + imidacloprid
72
100
100
70
70
63
71
71
0
Nontreated control
0
0
0
0
0
0
0
LSD/0.051
NS
NS
6
NS
NS
NS
NS
NS
“Data represents an average over two experiments.
Application rates:glyphosate at 0.84 kg ai/ha, acephate at 0.37 kg ai/ha, /nw/w/a-cyhalothrin at 0.037 kg ai/ha, oxamyl at 0.28 kg
ai/ha, fipronil at 0.056 kg ai/ha, endosulfan at 0.42 kg ai/ha, dimethoate at 0.22 kg ai/ha, dicrotophos at 0.37 kg ai/ha, and
imidacloprid at 0.053 kg ai/ha

In both years at all ratings, except for northern jointvetch and prickly sida 14 DAT
in 1998, the addition o f an insecticide to glyphosate resulted in lower numerical control
compared with glyphosate alone. In the first test during 1997, control with the
glyphosate-insecticide combinations ranged from 2% to 11 % o f the control with
glyphosate. When applications were made to larger weeds, control with the combinations
ranged from 2% to 21% less than that of glyphosate applied alone.
Based on these experiments, the addition o f insecticides to glyphosate should not
affect weed control and producers can expect weed control with glyphosate-insecticide
combinations to be comparable to glyphosate alone. Addition o f insecticides to
glyphosate did not appear to significantly antagonize weed control even when weeds
were large at time o f application. In respect to cotton aphids and thrips, glyphosate co
applied with certain insecticides provided better control than the insecticides alone, but
this response was not consistent. The co-application o f glyphosate with recommended
aphid and thrips insecticides such as dicrotophos and dimethoate can save the grower the
added expense associated with separate applications and may in some cases improve
aphid and thrips control without sacrificing weed control.
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CHAPTER 3
GLYPHOSATE-RESISTANT COTTON RESPONSE TO
SIMULATED THRIPS INJURY AND GLYPHOSATE APPLICATIONS
Introduction
Thrips, Frankliniella spp., are one of the first insect pests to attack seedling cotton
(Gossypium hirsutum L.). From 1996 to 1998, thrips infested more than 85% of
Louisiana’s cotton acreage. However, these infestations resulted in less than 1% yield
reduction (Williams 1997, 1998, 1999). Thrips are normally controlled by seed
treatments such as acephate {O.S-dimethyl acetylphosphoramidothioate}or imidacloprid
{l-[(6-chIoro-3-pyridinyl)methyl]-N-nitro-2 imidazolidinimine} or in-furrow treatments
such as aldicarb (2-methyl-2-(methylthio) propionaldelhyde O(methylcarbamoyl)oxime}, phorate {O.O-diethyl S[(ethylthio) methyl]
phosphorodithioate}, or disulfoton {0,0-diethyl S-[2(ethylthio)ethyl]phosphorodithioate}. When foliar applications are warranted,
organophosphate insecticides such as acephate, dimethoate {O,O-dimethyl S-(Nmethylcarbamoylmethyl) phosphorodithioate} or dicrotophos {dimethyl phosphate of 3hydroxy Ar,A'-dimethyl-cis-crotonamide} are commonly used.
Thrips have rasping-sucking mouthparts that allow them to efficiently feed on plant
cell contents. After thrips’ feeding, contents of plant cells are replaced by air which
results in a silvery cast on injured leaves (Reed and Reinecke 1990; Telford and Hopkins
1957). Feeding on plant terminals may result in death o f the apical meristem (Fletcher
and Gaines 1939; Telford and Hopkins 1957) or formation o f multiple main-stems
(Fletcher and Gaines 1939; Gaines 1934; Smith 1942). When plant terminals are
38
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damaged, plant height is often reduced (Burris et al. 1989; Burris et al. 1994; Parencia et
al. 1957). Leaves damaged by thrips curl upward and inward, easily distinguishing thrips
damage from other cotton insect pest damage (Telford and Hopkins 1957). Plants
damaged by thrips often have less leaf areas than non-damaged plants (Burris et al. 1989;
Harp and Turner 1976; Rummel and Quisenberry 1979). Fruit production is often
delayed when plants are damaged by thrips (Davis et al. 1966; Dunnam and Clark 1937;
Lentz and Austin 1994; Watts 1937), thereby causing a delay in crop maturation
(Dunnam and Clark 1937; Gaines 1934; Parker et al. 1992; Watts 1937). This delayed
maturity makes the crop more susceptible to late-season tobacco budworm, Heliothis
virescens Fabricius, or beet armyworm, Spodoptera exigua Hubner, infestations and
inclement weather that can further delay harvest and reduce yields (Burris et al. 1989).
Studies differ as to whether thrips actually cause a yield reduction. When yield was
impacted, it was due to stand reduction associated with large thrips populations (Arant
1951).
In 1996, the Environmental Protection Agency gave final approval to glyphosateresistant cotton allowing for its commercial introduction in 1997. Glyphosate-resistant
cotton contains an enzyme enolpyruvylshikimate-3-phosphate synthase (EPSP synthase,
E. C. 2.5.1.19) from Agrobacterium sp. strain CP4, which is resistant to glyphosate {N (phosphonomethyl)glycine} (Bradshaw et al. 1997; Horsch et al. 1988; Johnson 1996).
Prior to the five-leaf stage, over-the-top applications o f glyphosate up to 1.12 kg ai/ha can
be made to glyphosate-resistant cotton. If multiple applications are made, applications
must be at least ten days apart and plants must have at least two nodes o f growth between
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applications'. Inconsistent responses o f glyphosate-resistant cotton to over-the-top
glyphosate applications have been observed. Due to problems associated with later
glyphosate applications and the possibility o f thrips damage during the time of
application, a study was initiated to examine potential interactions associated with
simulated thrips injury to cotton and glyphosate applications.
Materials and Methods
Experiments were conducted in 1998 and 1999 at the Ben Hur Research Farm, near
Baton Rouge, LA, and at the Macon Ridge location o f the Northeast Research Station,
near Winnsboro, LA. Experiments evaluated two factors with multiple levels arranged as
a factorial within a randomized complete block. The first factor included mechanical
injury that simulated thrips damaged terminals at the 1-leaf stage and a non-injured
control. Cotton terminals were injured by manually removing the terminal from all
cotton plants in the center two rows o f each plot. Plots were thinned to 6 to 9 plants/m of
row at this time. The second factor was cotton herbicide programs. Treatments included
herbicides applied preemergence; postemergence over-the-top at cotyledon and 4-leaf;
and postemergence directed (PD) at the 12-leaf stage. Specific herbicide programs and
rates are shown in Table 3.1. Pendimethalin {N-(l-ethylpropyl)-3,4-dimethyl-2,6dinitrobenzenamine} plus fluometuron {Ar,A^-dimethyl-Ar’-[3(trifluromethyl)phenyl]urea} was applied immediately after planting o f ‘D&PL 5415 RR’
cotton in 0.9 m row spacing on May 6, 1998 and May 18, 1999 at Ben Hur. Trifluralin
{2,6-dinitro-Ar,A^-dipropyl-4-(trifluoromethyl)benzenamine} was incorporated into the

'Roundup Ready cotton product label. Monsanto Co., 800 North Lindbergh Boulevard,
St. Louis, MO 63167.
40
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Table 3.1 Herbicide programs used to evaluate the effect of simulated thrips damage on growth parameters and yield of cotton at the
Ben Hur Research Farm and the Macon Ridge location of the Northeast Research Station.
Cotyledon
Aonlication

PRE
Pendimethalin (0.84 kg ai/ha)+
fluometuron (1.34 kg ai/ha)* or
trifluralin (0.84 kg ai/ha) + fluonieturonb
Pendimethalin + fluometuron or
trifluralin + fluometuron
Pendimethalin + fluometuron or
trifluralin +f luometuron
C

-----

glyphosate (0.56 kg ai/ha)

glyphosate

POST
4-leaf
AoDlication

10-leaf
Annlication

glyphosate (0.56 kg ai/ha)

glyphosate (0.84 kg ai/ha)

glyphosate

glyphosate

glyphosate

fluometuron (1.12 kg ai/ha)+
MSMA (2.24 kg ai/ha)
glyphosate
glyphosate
fluometuron + MSMA

glyphosate
glyphosate
glyphosate

Pendimethalin + fluometuron or
pyrithiobac (0.07 kg ai/ha)
fluometuron + MSMA
trifluralin + fluometuron
Pendimethalin + fluometuron or
trifluralin + fluometuron
‘Pendimethalin + fluometuron was applied immediately after planting at the Ben Hur Research Farm in 1998 and 1999.
‘Trifluralin was applied in April prior to planting at the Macon Ridge site. In 1998, fluometuron was applied to plots designated to receive that treatment. In
1999, fluometuron was applied at planting to all plots using a tractor mounted compressed air sprayer.
*>10 application made.

soil in April at Macon Ridge prior to planting o f the same variety in 1.01 m spacing on
May 12, 1998 and May 20, 1999. The cotyledon application o f glyphosate at Ben Hur
was made to all plots on May 22, 1998 and June 2, 1999 (non-damaged plots) and June 9,
1999 (damaged plots) and at Macon Ridge on May 28, 1998 and June 3, 1999 to all plots.
The 4-leaf application o f glyphosate or pyrithiobac {2-chloro-6-[(4,6- dimethoxy-2pyrimidinyl)thio]benzoic acid} was made on May 27,1998 and June 17, 1999 at Ben Hur
and June 2, 1998 and June 10, 1999 at Macon Ridge. The sequential 4-leaf application o f
glyphosate following the cotyledon application was made on June 1, 1998 and June 17,
1999 at Ben Hur, and June 10, 1998 and June 16, 1999 at Macon Ridge. The PD
application o f glyphosate or fluometuron plus MSMA {monosodium salt of MAA} was
made to 10-leaf cotton on June 22, 1998 and July 16, 1999 at Ben Hur and June 16, 1998,
and July 2, 1999 at Macon Ridge.
All PRE and over-the-top applications were made with a C 0 2 backpack sprayer
calibrated to deliver 140 L/ha at 166 kPa. Post-directed treatments were made with a
C 0 2 backpack sprayer calibrated to deliver 140 L/ha at 166 kPa at the Ben Hur location,
while PD treatments at the Macon Ridge site were made with a tractor mounted
compressed air system calibrated to deliver 140 L/ha at 138 kPa. Plot size was 4 rows x
12.2 m with four replications of treatment combinations in all experiments.
Treatment effects were evaluated by recording days to first square from planting;
height to node ratio at 2, 4, and 5 weeks after treatment (WAT) from glyphosate or
pyrithiobac applied at 4-leaf or for the 4-leaf glyphosate application following the
cotyledon glyphosate application; leaf area at 3 WAT; days to first flower from planting;
and seedcotton yield. A one meter marked section o f each row was used to determine
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days to first square and days to first flower. The plots treated with the standard program
o f pyrithiobac at the four-leaf stage were monitored twice weekly for appearance o f first
square and first flower. Monitoring was based on a cotton plant’s physiology of
producing a square every three days. When approximately 50% of the plants reached first
square or first flower in plots treated with the standard program, days to first square and
days to first flower in the other plots were determined. Height to node ratio was
determined by measuring the height o f 10 plants from the soil surface to plant terminal
and counting the number o f main-stem nodes on each plant. Leaf area was determined by
removing all leaves from plants in a 0.5 m section o f row and processing with a Li-Cor
LI-3100 Area Meter2. Yield was determined by harvesting the center two rows o f each
plot with a mechanical harvester. Insect pest populations were monitored throughout the
growing season and control measures implemented on an as needed basis. Data were
subjected to analysis o f variance and means separated using Fisher’s protected least
significant difference (LSD) at P = 0.05.
Results and Discussion
1998 Studies
Herbicide programs did not affect number of days to first square; however, the
removal of plant terminals significantly delayed appearance of first square. Removal of
the plant terminal averaged across herbicide treatments delayed appearance of the first
square by seven days (Table 3.2). Removal of plant terminals also significantly increased
days from planting to first flower. Cotton plants with damaged terminals produced first

2LICOR, Inc. Lincoln, NE 68504.
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Table 3.2. Days from cotton planting to appearance o f first square and to first flower as
influenced by simulated thrips damage to cotton terminals at the 1-leaf staged
Simulated thrips injury

Davs to first square
1998
1999

Davs to first flower
1998

Terminal intact

36

32

59

Terminal damaged

43

37

67

LSD (0.051
2
4
“Data averaged across herbicide treatments and locations.
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5

flowers eight days later than plants with non-damaged terminals (Table 3.2). Squaring
and flowering o f damaged plants was delayed since plants responded to terminal damage
by forming a new main-stem branch. This delay is similar to that associated with thrips
injury to cotton plants. Oosterhuis (1992) reported that first squares o f cotton normally
appeared between 27 to 38 days after cotton emergence and first flower appeared 60 to
70 days after plant emergence for normal environmental conditions. This study indicates
that damaging cotton terminals delays appearance o f first square beyond the normal time
frame.
Removal o f plant terminal also significantly affected heightrnode ratio compared with
the non-damaged plants. Plants with an intact terminal had a greater heightrnode ratio
two weeks after the early POST application than those with a damaged terminal (Table
3.3). Removal o f the plant terminal slowed plant growth resulting in shorter plants at
time of measurement and shortening of intemode length.
There was no herbicide program by terminal removal interaction for leaf area 3
WAT or heightrnode ratio 4 and 5 WAT. Terminal removal did not influence leaf area 3
WAT or heightrnode ratio 4 or 5 WAT (Table 3.4).
Following the 4-leaf sequential application, terminal removal and herbicide
program had no significant effect on leaf area 3 WAT or heightrnode ratio at 2, 4, or 5
WAT (Table 3.5). The 4-leaf sequential treatment was applied seven days after the 4-leaf
application. This delay in application allowed plants to compensate for earlier terminal
damage. There were no differences in yield regardless of herbicide program or terminal
damage (Table 3.6).
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Table 3.3. Height to node ratio two weeks after the 4-leaf early postemergence
application o f glyphosate and pyrithiobac in 1998.*-b
Heieht:node ratio
Simulated thrips iniurv
Terminal intact

1998
3.8

1999
3.6

Terminal damaged

3.2

3.1

LSD f0.05i
0.2
0.2
aHeight to node ratio obtained by measuring plant height from soil surface to plant
terminal and dividing by the number o f main-stem nodes.
bData averaged across herbicide treatments and locations for each year.
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Table 3.4. Leaf area and height:node ratio following simulated thrips damage and 4-leaf glyphosate and pyrithiobac application in
1998.ab

Simulated thrips iniurv/herbicide nrogram
Terminal intact
PREd, glyphosate 4-leaf fb glyphosate PDC
PRE, glyphosate 4-leaf fb fluometuron+MSMA PD
Glyphosate 4-leaf fb glyphosate PD
Glyphosate 4-Ieaf fb fluometuron+MSMA PD
PRE, pyrithiobac 4-leaf fb fluometuron+MSMA PD
PRE only

Leaf area
3 WAT
cm2
979
1,079
976
1,197
1,010
965

Heightrnode ratio
4 WAT
5 WAT

3.8
3.7
3.9
3.9
3.9
3.9

4.2
4.1
4.4
4.2
4.4
4.3

Terminal damaged
PRE, glyphosate 4-leaf fb glyphosate PD
987
4.0
4.2
PRE, glyphosate 4-leaf fb fluometuron+MSMA PD
1,331
4.0
4.4
Glyphosate 4-leaf fb glyphosate PD
1,012
4.0
4.4
Glyphosate 4-leaf fb fluometuron+MSMA PD
1,161
3.7
4.3
PRE, pyrithiobac 4-leaf fb fluometuron+MSMA PD
1,139
3.8
4.3
PRE only
1,054
3.9
4.3
LSD f0.05)
NS
NS
NS
“Data averaged across both locations.
bAbbreviations: WAT, weeks after treatment; PRE, preemergence; fb, followed by; PD, postemergence directed.
'Weeks after the 4-leaf glyphosate and pyrithiobac application.
dPendimethalin (0.84 kg ai/ha) + fluometuron (1.34 kg ai/ha) applied preemergence at Ben Hur and trifluralin (0.84 kg ai/lia) +
fluometuron (1.34 kg ai/ha) applied precmergence at Macon Ridge.
'Application rates: glyphosate at 0.84 kg ai/ha; fluometuron at 1.12 kg ai/ha; MSMA at 2.24 kg ai/ha; pyrithiobac at 0.07 kg ai/ha.
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Table 3.5. L e a f area and heightrnode ratio following sim ulated thrips dam age and 4 -le a f sequential glyphosate applications in 1998.a,b

Simulated thrips iniurv/herbicide program
Terminal intact
PREd, glyphosate cotyl fb glyphosate 4-leaf, glyphosate PDC
Glyphosate cotyl fb glyphosate 4-leaf, glyphosate PD
PRE, pyrithiobac 4-leaf, fluometuron+MSMA PD
PRE only

Leaf area
3 WATC
cm2
1,488
1,579
1,252
1,587

2 WAT

3.9
3.8
3.8
3.9

Heightrnode ratio
4 WAT
5 WAT

4.6
4.5
4.5
4.7

5.2
5.2
5.0
5.2

Terminal damaged
PRE, glyphosate cotyl fb glyphosate 4-leaf, glyphosate PD 1,369
3.7
4.5
5.2
Glyphosate cotyl fb glyphosate 4-leaf, glyphosate PD
1,361
4.0
4.7
5.4
PRE, pyrithiobac 4-leaf, fluometuron+MSMA PD
1,417
3.8
4.5
5.2
PRE only
3.8
1,453
4.6
5.5
LSD f0.051
NS
NS
NS
NS
“Data averaged across both locations.
bAbbreviations: WAT, weeks after treatment; PRE, preemergence; cotyl, cotyledon; fb, followed by; PD, postemergence directed.
cWeeks after the 4-leaf sequential application of glyphosate.
dPendimethalin (0.84 kg ai/ha) + fluometuron (1.34 kg ai/ha) applied preemergence at Ben Hur and trifluralin (0.84 kg ai/ha) +
fluometuron (1.34 kg ai/ha) applied preemergence at Macon Ridge
'Application rates: glyphosate at 0.56 kg ai/ha (cotyledon fb 4-leaf application); glyphosate at 0.84 kg ai/ha (PD); pyrithiobac at 0.07
kg ai/ha; fluometuron at 1.12 kg ai/ha; MSMA at 2.24 kg ai/ha.

Table 3.6. Influence of cotton herbicide programs and simulated thrips damage on
seedcotton yield for 1998 field studies*.
Simulated thrips damaee
Terminal
Terminal
Herbicide Droeram6
intact
damaeed
kg/ha
PREC, glyphosate cotyledon fb glyphosate 4-leaf,
2,820
2,780
glyphosate PDd
PRE, glyphosate 4-leaf, glyphosate PD

2,730

2,700

PRE, glyphosate 4-leaf, fluometuron + MSMA PD

2,730

2,760

Glyphosate cotyledon fb glyphosate 4-leaf,
glyphosate PD

2,960

2,600

Glyphosate 4-leaf, glyphosate PD

2,800

2,720

Glyphosate 4-leaf, fluometuron + MSMA PD

2,620

2,830

PRE, pyrithiobac 4-leaf, fluometuron + MSMA PD

2,580

2,640

PRE only

2,560

2,640

LSD C0.051
— NS -----------------“Yield averaged across locations.
bAbbreviations: PRE, preemergence; fb, followed by; PD, postemergence directed.
cPendimethalin (0.84 kg ai/ha) + fluometuron (1.34 kg ai/ha) applied preemergence at
Ben Hur and trifluralin (0.84 kg ai/ha) + fluometuron (1.34 kg ai/ha) applied
preemergence at Macon Ridge.
dApplication rates: glyphosate at 0.56 kg ai/ha (cotyledon fb 4-leaf application);
glyphosate at 0.84 kg ai/ha (4-leaf and postemergence directed applications); pyrithiobac
at 0.07 kg ai/ha; fluometuron at 1.12 kg ai/ha; MSMA at 2.24 kg ai/ha.
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1999 Studies
As in 1998, removal o f plant terminals significantly affected days from emergence
to first square. Plants with damaged terminals were five days later in the appearance of
first square than plants with non-damaged terminals (Table 3.2). There was a significant
terminal removal by herbicide program interaction for days to first flower. Although
there are statistical differences among the herbicide programs, there was no more than a
3 day delay, which would most likely not delay harvest (Table 3.7).
In 1999, the EPOST applications corresponded to treatment applications in which
the terminal had not been damaged, except for the two treatments that included sequential
applications o f glyphosate.
Herbicide programs did not have a significant effect on leaf area or heightrnode
ratio. Following EPOST applications, heightrnode ratio at 2 or 4 WAT and leaf area at 3
WAT among treatments were not different (Table 3.8). In 1998, there were differences in
heightrnode ratio 2 weeks after the 4-leaf glyphosate application between plants with
damaged terminals and those plants not damaged.
The LPOST application in 1999 corresponds to all terminal removal treatments and
sequential glyphosate applications. For comparison, plants from the standard herbicide
program (pendimethalin + fluometuron PRE fb pyrithiobac at the 4-leaf stage and
fluometuron + MSMA PD) and the PRE only plots were measured. Two weeks after the
LPOST application, plants with intact terminals had a higher heightrnode ratio than those
with damaged terminals (Table 3.9). There was a significant terminal removal by
herbicide program interaction for leaf area 3 WAT. Compared with the standard
herbicide program, leaf area for herbicide programs involving sequential applications o f
50
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Table 3.7. Days from cotton planting to appearance o f first flower as influenced by
herbicide program and simulated thrips damage to cotton terminal at the 1-leaf stage in
1 9 9 9 a.b

Herbicide program
PREC, glyphosate cotyl fb 4-leaf, glyphosate PDd

Simulated thrips damage
Terminal
Terminal
intact
damaeed
no.
64
62

PRE, glyphosate 4-leaf, glyphosate PD

64

62

PRE, glyphosate 4-leaf, fluometuron + MSMA PD

63

62

Glyphosate cotyl fb 4-leaf, glyphosate PD

63

63

Glyphosate 4-leaf, glyphosate PD

61

63

Glyphosate 4-leaf, fluometuron + MSMA PD

64

62

PRE, pyrithiobac 4-leaf, fluometuron + MSMA PD

61

63

PRE only

63

63

LSD fO.OSf
1
aData averaged across locations.
bAbbreviations: DAP, days after planting; PRE, preemergence; cotyl, cotyledon; PD,
postemergence directed.
°Pendimethalin (0.84 kg ai/ha) + fluometuron (1.34 kg ai/ha) applied preemergence at
Ben Hur and trifluralin (0.84 kg ai/ha) + fluometuron (1.34 kg ai/ha) applied
preemergence at Macon Ridge.
d Application rates: glyphosate at 0.56 kg ai/ha (cotyledon fb 4-leaf application);
glyphosate at 0.84 kg ai/ha (4-leaf and PD application); pyrithiobac at 0.07 kg ai/ha;
fluometuron at 1.12 kg ai/ha; MSMA at 2.24 kg ai/ha.
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Table 3.8. Heightrnode ratio two weeks after the 4-leaf sequential glyphosate application
in 1999.a
Simulated thrips iniurv

Heieht.node ratio

Terminal intact

3.6

Terminal damaged

3.1

LSD ro.05^
“Data averaged across both locations.

0.2
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Table 3.9. Leaf area and heightrnode ratio following 4-leaf glyphosate and pyrithiobac application to non-damaged plants in 1999.a,b

Leaf area
3 WATd
cm2
__r

2 WAT

4 WAT

3.3

3.9

PRE, glyphosate 4-leaf, glyphosate PD

765

3.4

4.4

PRE, glyphosate 4-leaf, fluometuron + MSMA PD

916

3.4

4.6

3.4

4.5

888

3.6

4.6

1066

3.5

4.5

PRE, pyrithiobac 4-leaf, fluometuron + MSMA PD

935

3.3

4.3

PRE only

917

3.5

4.4

Herbicide program
PREC, glyphosate cotyl fb 4-leaf, glyphosate PD

Glyphosate cotyl fb 4-leaf, glyphosate PD
Glyphosate 4-leaf, glyphosate PD
Glyphosate 4-leaf, fluometuron + MSMA PD

—

Heightrnode ratio

LSD f0.051
NS
NS
NS
aData averaged across both locations.
bAbbreviations: WAT, weeks after treatment; cotyl, cotyledon; fb, followed by; PD, post-directed.
'Application rates: glyphosate at 0.56 kg ai/ha (cotyledon fb 4-leaf application); glyphosate at 0.84 kg ai/ha (4-leaf and post-directed
application); pyrithiobac at 0.07 kg ai/ha; fluometuron at 1.12 kg ai/ha; MSMA at 2.24 kg ai/ha.
dWceks after the 4-leaf glyphosate and pyrithiobac application.
'Pendimethalin (0.84 kg ai/ha) + fluometuron (1.34 kg ai/ha) applied preemergence at Ben Hur and trifluralin (0.84 kg ai/ha) +
fluometuron (1.34 kg ai/ha) applied preemcrgence at Macon Ridge.
rData for sequential applications appear on Table 3.10.

glyphosate and the PRE only program were lower for plants with intact terminals (Table
3.10). There were no differences among herbicide programs for plants with damaged
terminals. Leaf area for the standard program with intact terminals was greater than when
the terminal was damaged with the sequential program including a PRE, glyphosate
applied at the 4-leaf stage fb fluometuron + MSMA PD, the standard program, and a PRE
only. The lower leaf area from the sequential programs indicates that multiple glyphosate
applications may retard plant growth. As in 1998, leaf area was generally greater for
plants with a damaged terminal due to formation o f multiple main-stem branches. There
was a location by terminal removal by herbicide program interaction for heightrnode
ratio 4 WAT. At the Macon Ridge location where only a PRE was applied and the
terminals were not damaged, the heightrnode ratio was greater than for all herbicide
programs in plots where the terminal was damaged (Table 3.11). Heightrnode ratio for
the standard program was greater than that for the sequential program with a PRE,
standard program, and PRE only with damaged terminals. There were no differences in
heightrnode ratio among herbicide programs with damaged terminals. At Ben Hur, only
the sequential program with a PRE had a lower heightrnode ratio than all other
treatments. Terminal removal significantly affected seedcotton yield. Averaged across
herbicide programs, seedcotton yield was reduced by terminal removal (Table 3.12). At
Ben Hur, the test was irrigated and possibly helped plants compensate for damaged
terminals.
Manual removal o f the cotton terminals may not have simulated actual thrips injury
to the cotton plants. Thrips may feed on cotton plants up to four weeks. Persistent
feeding would result in injury greater than a one time removal o f the cotton terminal.
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Table 3.10. Leaf area three weeks after the 4-leaf sequential glyphosate applications in
1999.a.b

Simulated thrips damage
Terminal
Terminal
intact
damaeed
cm2
1,220
1,428

Herbicide proeram'
PREd, glyphosate cotyl fb 4-leaf

_

PRE, glyphosate 4-leaf
PRE, glyphosate 4-leaf
Glyphosate cotyl fb 4-leaf

C

1,744

--------

1,606

1,379

1,684

Glyphosate 4-leaf

—

1,647

Glyphosate 4-leaf

—

1,512

PRE, pyrithiobac 4-leaf

2,005

1,349

PRE only

1,443

1,346

LSD ('0.051
450
“Data averaged across both locations.
bAbbreviations: PRE, preemergence; cotyl, cotyledon.
'Application rates: glyphosate at 0.56 kg ai/ha (cotyledon fb 4-leaf application);
glyphosate at 0.84 kg ai/ha (4-leaf); pyrithiobac at 0.07 kg ai/ha; fluometuron at 1.12 kg
ai/ha; MSMA at 2.24 kg ai/ha.
dPendimethalin (0.84 kg ai/ha) + fluometuron (1.34 kg ai/ha) applied preemergence at
Ben Hur and trifluralin (0.84 kg ai/ha) + fluometuron (1.34 kg ai/ha) applied
preemergence at Macon Ridge.
'Data appear on Table 3.7.
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Table 3.11. Heightrnode ratio four weeks after the 4-leaf sequential glyphosate applications to non-damaged plants and both the single

4-leaf application and sequential 4-leaf applications to damaged plants in 1999.“'

Herbicide program'

Macon Ridee location
Ben Hur location
Terminal intact
Terminal damaged Terminal intact Terminal damaged
4.2

3.0

4.4

PRE, glyphosate 4-leaf

4.4

—

4.5

PRE, glyphosate 4-leaf

4.6

—

4.6

4.5

4.3

4.4

Glyphosate 4-leaf

4.4

—

4.3

Glyphosate 4-leaf

4.6

—

4.7

PREd, glyphosate cotyl fb glyphosate 4-leaf

Glyphosate cotyl fb glyphosate 4-leaf

5.0

4.7

PRE, pyrithiobac 4-Ieaf

4.8

4.1

4.7

4.3

PRE only

5.4

4.2

—

4.5

LSD f0.051

0.5

-

j

Q

----------

aData averaged across both locations.
Abbreviations: PRE, preemergence; cotyl, cotyledon; PD, postemergence directed.
Application rates: glyphosate at 0.56 kg ai/ha (cotyledon fb 4-leaf application); glyphosate at 0.84 kg ai/ha (4-leaf and
postcmergence directed application); pyrithiobac at 0.07 kg ai/ha; fluometuron at 1.12 kg ai/ha; MSMA at 2.24 kg ai/ha.
dPendimethalin (0.84 kg ai/ha) + fluometuron (1.34 kg ai/ha) applied preemergence at Ben Hur and trifluralin (0.84 kg ai/ha) +
fluometuron (1.34 kg ai/ha) applied preemergence at Macon Ridge.
'Data appear on Table 3.8.

Table 3.12. Seedcotton yield for 1999 field experiments as influenced by simulated
thrips injury.®
Simulated thrips iniurv

Yield
kg/ha

Terminal intact

1880

Terminal damaged

1700

LSD fO.05'1
130
aData averaged across the Ben Hur Research Farm and the Macon Ridge location o f the
Northeast Research Station.
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Thrips’ feeding has been associated with an increase in foliar phenolics in damaged tissue
(Rieske and Raffa 1998) and ethylene transmission (Kendall and Bjostad 1990; Rieske
and Raffa 1995). There is the possibility that an interaction could occur between one of
these compounds and glyphosate.
Based on these studies, cotton was not injured by glyphosate when applied
according to label. Additionally, there was no injury to cotton plants as a result o f offlabel applications o f glyphosate. Glyphosate did not further delay cotton growth beyond
that observed with the simulated thrips damage. Due to multiple cotton growing points
resulting from simulated thrips damage, application timing for glyphosate based on leaf
number can be difficult. Research shows that glyphosate can be applied to cotton past the
4-leaf stage at the 5-7 leaf stage without injury, especially if growing conditions are good.
Because early season weed control is critical to maximizing yield, cotton terminal
damage due to thrips may delay glyphosate application resulting in an off-label
application. A delay in glyphosate application timing when early season conditions are
conducive to weed growth, particularly when preemergence herbicides are not used, may
result in reduced weed control and subsequent yield reductions associated with weed
competition. Based on these studies, thrips control is important to managing a cotton
crop for earliness. Producers should not expect greater cotton injury when glyphosate is
applied to thrips damaged glyphosate-resistant cotton.
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CHAPTER 4
RELATIONSHIP BETWEEN PREEMERGENCE HERBICIDES
AND SEEDLING DISEASE IN GLYPHOSATE-RESISTANT COTTON
Introduction
In the Mid-South, the majority of cotton producers use a preemergence (PRE)
herbicide either preplant incorporated or at planting for early season weed control.
Herbicides labeled for preemergence use in cotton in Louisiana include trifluralin {2,6dinitro-jV, jV-dipropyl-4-(tri fluoromethyI)benzenamine}, pendimethalin {Af-flethylpropyl)-3,4-dimethyl-2,6-dinitrobenzenamine}, diuron {N'-(3, 4-dichlorophenyl)-Ar,
jV-dimethylurea}, fluometuron {MAr-dimethyl-Ar -[3-(trifluoromethyl) phenyl]urea},
norflurazon {4-chloro-5-(methylamino)-2-(3-(trifluoromethyl)phenyl)-3(2H)pyridazinone}, metolachlor {2-chloro-Ar-(2-ethyl-6-methylphenyl)-jV-(2-methoxy-1methylethyl)acetamide}, pyrithiobac {2-chloro-6-[(4,6-dimethoxy-2pyrimidinyl)thio]benzoic acid}, and clomazone {2-[(2-chlorophenyl)methyl]-4,4dimethyl-3-isoxazolidinone} (Anonymous 1999).
Between 1994 and 1998, seedling diseases caused an annual average yield loss in
Louisiana o f over 12 million kg (Blasingame 1995, 1996, 1997, 1998; Blasingame and
Patel 1999). During this period, producers suffered their greatest losses in 1995, when
the seedling disease complex caused a loss o f 20.7 million kg of cotton. That year was
the wettest and coolest spring during this five-year span. In 1998, the seedling disease
complex caused losses o f only 6.8 million kg o f cotton and during that spring conditions
were very warm and dry and not conducive to seedling diseases. The seedling disease
complex o f cotton is comprised of four fungal pathogens: Pythium spp., Fusarium spp.,
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Rhizoctonia solani Kuehn, and Thielaviopsis basicola (Berk & Berk). This disease
complex can cause cottonseed decay, preemergence damping-off o f seedlings, partial or
complete girdling o f the stems of emerged seedlings (postemergence damping-off), and
seedling root rot (Davis 1981).
Glyphosate-resistant cotton was commercially introduced in 1997. Cotton plants
resistant to glyphosate are encoded with an additional enolpyruvylshikimate phosphate
synthase (EPSP synthase, E. C. 2.5.1.19) enzyme derived from Agrobacterium
tumefaciens strain CP4. The EPSP synthase derived from the bacterium is not affected
by glyphosate, but the EPSP synthase produced by the plant is inhibited (Bradshaw et al
1997; Johnson 1996). The primary mode o f action of glyphosate is inhibition of the
shikimate acid pathway. The shikimate pathway occurs only in plants, fungi, and bacteria
and the end products o f this pathway are the aromatic amino acids, phenylalanine,
tyrosine, and tryptophan (Stryer 1995; Taiz and Zeiger 1998). Secondary plant
compounds produced by this pathway include flavonoids, lignins, anthocyanins, and
coumarins (Taiz and Zeiger 1998). Besides the production o f phenolic compounds, up to
20 percent o f the carbon fixed by photosynthesis in plants flows through the shikimate
pathway (Floss 1986).
Based on the Roundup Ready cotton label1, glyphosate may be applied
postemergence (POST) over-the-top o f glyphosate-resistant cotton from crop emergence
through the four-leaf stage. No more than 1.12 kg ai/ha may be applied in a single
application. Up to the four-leaf stage, two applications of glyphosate may be made, but

'Roundup Ready cotton product label. Monsanto Company, 800 North Lindbergh
Boulevard, St. Louis, MO 63167
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applications must be at least ten days apart and cotton plants must have produced at least
two nodes. After the four-leaf stage, only POST directed applications can be made.
Since glyphosate is translocated symplastically to the roots, there is the potential that
glyphosate could impact root microflora.
Previous research examined the potential o f PRE herbicides predisposing cotton
seedlings to cotton diseases. The effect o f several PRE herbicides on R. solani and
Fusarium oxysporum f. sp. vasinfectum was studied (El-Khadem et al. 1984). The
highest concentrations o f fluometuron and prometryn decreased postemergence dampingoff. Incidence of disease caused by Fusarium spp. was reduced significantly by the
higher concentrations o f all herbicides. In laboratory studies, only trifluralin, dinitramine,
and fluometuron affected the growth of R. solani in culture. Trifluralin reduced linear
growth the most followed by dinitramine and fluometuron.
Greenhouse and field studies were conducted by researchers in Georgia and Egypt
to evaluate possible interaction between fungicides, herbicides, and R. solani on cotton
(Moustafa-Mahmoud and Sumner 1993). Fungicide application significantly improved
cotton emergence compared with the nontreated control. At one location in Egypt, there
was a significant fungicide-herbicide interaction 10 to 40 days after planting. Plant
emergence was increased when the herbicides pendimethalin, prometryn, fluometuron,
and oxyfluorfen {2-chloro-l-(3-ethoxy-4-nitrophenoxy)-4-(trifluoromethyl)benzene}
were used without a fungicide. Use of a herbicide in plots treated with the fungicides
tolclofos-methyl, carboxin plus oxyquinolate, and pencycuron decreased plant
emergence. When a fungicide was not used, the herbicide norflurazon improved plant
stand, and oxyfluorfen decreased plant stand compared with the no-herbicide and no61
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fungicide control. Combinations o f norflurazon with the fungicides tolclofos-methyl,
pencycuron, and flutolanil reduced plant stand compared with the no-fimgicide control.
The efficacy o f chloroneb, carboxin, PCNB, tolclofos-methyl, and flutolanil to protect
seedlings from seedling diseases was significantly reduced by all herbicides except
norflurazon.
Research has been conducted on the effect o f glyphosate on soilbome pathogens.
Kawate et al. (1992) examined the response o f F. solani f. sp. pisi and Pythium ultimum
to glyphosate in laboratory studies. The diameter o f both Fusarium and Pythium colonies
was increased slightly by 0.0001 - 0.001 M concentrations o f glyphosate then decreased
by increasing concentrations o f glyphosate (0.01-0.1 M). Conidial production by
Fusarium was inhibited, but then stimulated with increasing glyphosate concentrations.
The response of mycelial dry weight of Pythium, was quadratic with stimulation followed
by inhibition with increasing glyphosate concentration without potassium hydroxide
(KOH). After KOH was added to neutralize pH to 6.2, the response was also quadratic
but mycelial dry weight decreased and then increased by increasing glyphosate
concentration. However, these effects could have been the result of pH changes caused
by glyphosate.
Glyphosate inhibited mycelial growth o f Calonectria crotalariae grown on Phipps
selective medium (Berner et al. 1991). Both surfactant- and non-surfactant containing
formulations of glyphosate reduced colony area. Increasing the herbicide concentration
in the medium resulted in decreased colony area. Addition o f the amino acids
phenylalanine and tryptophan reversed or blocked the effect of Rodeo (a formulated
glyphosate product containing no surfactant). A field experiment was conducted to
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confirm the laboratory findings. The lowest rate o f glyphosate applied to the soil prior to
planting reduced incidence o f red crown rot, while higher rates were associated with a
slight increase in disease incidence. The decrease in disease incidence was likely caused
by fungitoxic effects o f the herbicide when translocated to the plant roots.
The period in which over-the-top glyphosate applications are made coincides with
the time cotton seedlings are most susceptible to seedling diseases. As discussed
previously, in some cases, the use o f PRE herbicides can increase the incidence of
seedling disease in cotton. There is the potential for an interaction between PRE
herbicides and over-the-top glyphosate applications in respect seedling diseases in cotton.
Materials and Methods
Field Studies
Field studies were conducted in 1998 and 1999 at the Ben Hur Research Farm, near
Baton Rouge, LA, to evaluate the influence o f PRE herbicides and glyphosate
applications on seedling diseases o f cotton. The cotton cultivar ‘D&PL 5690 RR’
(Roundup Ready) was planted on April 27, 1998 and the cultivar ‘D&PL 5415 RR’ was
planted on April 14, 1999 in rows spaced 0.9 m apart. Plot size was one row the first year
and two rows the second year 12.2 m in length. The seed was treated with the standard
commercial fungicides. The soil type in both years was a commerce silt loam (fine-silty,
mixed, nonacid, thermic, Aerie Fluvaquent). Aldicarb {2-methyl-2-(methylthio)
propionaldehyde 0-(methylcarbamoyl)oxime} at 0.56 kg ai/ha was applied in-furrow at
planting for early season insect control. An in-furrow fungicide was not applied at
planting. A factorial arrangement o f treatments in a randomized complete block design
with four replications was used in both years. The first factor, PRE herbicides, included
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pendimethalin at 0.84 kg ai/ha, pyrithiobac (2-chloro-6-[(4,6-dimethoxy-2pyrimidinyl)thio]benzoic acid} at 0.07 kg ai/ha, and metoiachlor at 1.7 kg ai/ha each
applied alone and in combination with fluometuron at 1.3 kg ai/ha and a no PRE
herbicide control. Herbicides were applied the same day of planting. The second factor
was glyphosate (0.84 kg ai/ha) applied to cotton at the cotyledon (May 11, 1998 and
April 28, 1999) or the 4-leaf stage (May 27, 1998 and May 13, 1999) and a no glyphosate
control. All herbicides were applied with a C 0 2 backpack sprayer calibrated to deliver
140 L/ha at 166 kPa. One week after each glyphosate application, 10 plants per plot were
collected and brought to the lab where hypocotyls and roots were rated for disease
severity using an index developed by Rothrock (1993). For hypocotyls, the disease index
scale was: 1 = no symptoms; 2 = few pinpoint lesions, diffuse colored areas; 3 = distinct
necrotic lesions; 4 = girdling lesion; and 5 = dead seedling. For roots, the disease index
scale was: 1 = no symptoms; 2 = 1-10% o f root system discolored; 3 = 11-25%
discolored; 4 = 26-50% discolored; and 5 = > 51% discolored. Data were subjected to
analysis o f variance, and means were compared using both pairwise comparisons (Table
4.1) and orthogonal contrasts (Table 4.2). Cotton plant populations for one row were
determined at 2 and 6 weeks after planting both years.
After disease ratings were made, the hypocotyls and roots of five randomly selected
plants were sterilized in 0.05% NaOCl for 2 minutes, placed on water agar plates, and
incubated for 48 h at room temperature. Fungal colonies growing from plant tissue were
transferred to potato-carrot agar and identified based on morphology using a binocular
microscope .
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Table 4.1. Pairwise comparisons used to compare cotton hypocotyl and root disease
ratings in field experiments evaluating interactions between preemergence (PRE)
herbicides and postemergence glyphosate applications at cotyledon and 4-leaf.a
Individual PR E lb fb glyphosate (cotyledon or 4-leaf) vs. individual PRE1
Individual PRE2Cfb glyphosate (cotyledon or 4-leaf) vs. individual PRE2
Individual PRE1 fb glyphosate (cotyledon or 4-leaf) vs. nontreatedd
Individual PRE2 fb glyphosate (cotyledon or 4-leaf) vs. nontreated
Individual PRE1 vs. nontreated
Individual PRE2 vs. nontreated
Individual PRE1 fb glyphosate (cotyledon or 4-leaf) vs. glyphosate (cotyledon or 4-leaf)
Individual PRE2 fb glyphosate (cotyledon or 4-leaf) vs. glyphosate (cotyledon or 4-leaf)
Individual PRE1 fb glyphosate (cotyledon or 4-leaf) vs. individual PRE2 fb glyphosate
(cotyledon or 4-leaf)
Individual PRE1 vs. individual PRE2___________________________________________
aAbbreviations: fb, followed by.
bPREl represents pendimethalin (1.7 kg ai/ha) + fluometuron (1.3 kg ai/ha), pyrithiobac
(0.07 kg ai/ha) + fluometuron, or metolachlor (1.7 kg ai/ha) + fluometuron.
CPRE2 represents pendimethalin, pyrithiobac, or metolachlor applied alone.
dNontreated represents no PRE or glyphosate applications.

65

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table 4.2. Orthogonal contrasts used to compare cotton hypocotyl and root disease
severity in field experiments evaluating interactions between preemergence (PRE)
herbicides and postemergence glyphosate applications at cotyledon and 4-leaf.1
PR Elb fb glyphosate (cotyledon) vs. PRE2Cfb glyphosate (cotyledon)
PRE1 fb glyphosate (4-leaf) vs. PRE2 fb glyphosate (4-leaf)
PRE1 fb glyphosate (cotyledon) vs. PRE1
PRE1 fb glyphosate (4-leaf) vs. PRE1
PRE2 fb glyphosate (cotyledon) vs. PRE2
PRE2 fb glyphosate (4-leaf) vs. PRE2
PRE1 fb glyphosate (cotyledon) vs. PRE1 fb glyphosate (4-leaf)
PRE2 fb glyphosate (cotyledon) vs. PRE2 fb glyphosate (4-leaf)
Metolachlor fb glyphosate (cotyledon) vs. PRE1 and pendimethalin fb glyphosate and
pyrithiobac fb glyphosate (cotyledon)
Metolachlor fb glyphosate (4-leaf) vs. PRE1 and pendimethalin and pyrithiobac fb
glyphosate (4-leaf)
PRE1, PRE2, and no PRE fb glyphosate (cotyledon) vs. PRE1, PRE2, and no PRE fb
glyphosate (4-leafl_____________________
“Abbreviations: fb, followed by.
bPREl represents pendimethalin (1.7 kg ai/ha) + fluometuron (1.3 kg ai/ha), pyrithiobac
(0.07 kg ai/ha) + fluometuron, and metolachlor (1.7 kg ai/ha) + fluometuron.
CPRE2 represents, pendimethalin, pyrithiobac, and metolachlor applied alone.
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Greenhouse Study
A greenhouse study was conducted in March and repeated in April, 1999, to
evaluate the influence o f PRE herbicides and a POST glyphosate application on seedling
diseases in a pathogen-inoculated soil. The test design was a randomized complete block
with a factorial arrangements of treatments. The first factor was soil inoculated with
Rhizoctonia solani or non-inoculated. The second factor was PRE herbicides or no PRE.
The PRE herbicides used in this study were pyrithiobac or metolachlor applied alone or
in combination with fluometuron at the rates described in the field study. The third factor
was glyphosate (0.84 kg ai/ha) applied at the one-leaf stage or no glyphosate. One week
after the glyphosate application, cotton plants were removed from the pots and disease
severity was rated using the scale previously described. Data were subjected to analysis
of variance, and means compared using both pairwise comparisons (Table 4.3) and
orthogonal contrasts (Table 4.4).
Soil used in these studies was collected from the Ben Hur Research Farm, near
Baton Rouge, LA, and the Burden Research Plantation, in Baton Rouge, LA, in January
of 1998. The soil type at Ben Hur was a commerce silt loam (fine-silty, mixed, nonacid,
thermic, Aerie Fluvaquent). The soil type at Burden was an Olivier silt loam (fine-silty,
mixed, thermic, Aquic Fragiudalf). Isolates of Rhizoctonia solani used in the greenhouse
studies were recovered using the following procedure. Cottonseed, cultivar ‘D&PL 50’,
was planted in flats containing the collected soil the following day. One month after
planting, one dozen plants were collected from each flat, and the roots and a portion of
the lower stem were removed from each plant. Plant tissue was placed in 100 ml of water
in flasks and placed on an agitator. After 1.5 h on the agitator, the plants were dipped in
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Table 4.3. Pairwise comparisons used to compare cotton hypocotyl and root disease
severity in the greenhouse experiments evaluating the influence o f preemergence (PRE)
and postemergence glyphosate application at l-leaf.a
Inoculated P R E lb fb glyphosate vs. inoculated PRE1
Inoculated PRE1 fb glyphosate vs. inoculated PRE2 fb glyphosate
Inoculated PRE1 fb glyphosate vs. inoculated (no PRE nor glyphosate applied)
Inoculated PRE1 fb glyphosate vs. nontreatedd
Inoculated PRE1 vs. Inoculated PRE2
Inoculated PRE2Cfb glyphosate vs. inoculated PRE2
Inoculated PRE2 fb glyphosate vs. inoculated (no PRE nor glyphosate)
Inoculated PRE2 fb glyphosate vs. non-treated control
Non-inoculated PRE1 vs. non-inoculated PRE2
Inoculated PRE1 fb glyphosate vs. non-inoculated PRE1 fb glyphosate
Inoculated PRE2 fb glyphosate vs. non-inoculated PRE2 fb glyphosate______________
“Abbreviations: fb, followed by. Soil inoculated with Rhizoctonia solani.
bPREl represents pyrithiobac (0.07 kg ai/ha) + fluometuron (1.3 kg ai/ha) or
metolachlor (1.7 kg ai/ha) + fluometuron.
CPRE2 represents metolachlor or pyrithiobac applied alone.
dNontreated represents no pathogen, no PRE, and no glyphosate application.
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Table 4.4. Orthogonal contrasts used to compare cotton hypocotyl and root disease
severity in the greenhouse experiments evaluating the influence o f preemergence (PRE)
herbicides and postemergence glyphosate application at 1-leaf.*
All inoculated treatments vs. all non-inoculated treatments
Inoculated - PR Elb fb glyphosate vs. inoculated - PRE2Cfb glyphosate
Inoculated - PRE1 fb glyphosate vs. inoculated - PRE1
Inoculated - PRE2 fb glyphosate vs. inoculated - PRE2
Inoculated - PRE1 fb glyphosate vs. non-inoculated - PRE1 fb glyphosate
Inoculated - PRE1 and PRE2 fb glyphosate vs. inoculated

- PRE1and PRE2

Inoculated - PRE1 and PRE2 fb glyphosate vs. inoculated
(no PRE nor plvphosatei
“Abbreviations: fb, followed by. Soil inoculated with Rhizoctonia solani.
hpREl represents pyrithiobac (0.07 kg ai/ha) + fluometuron (1.3 kg ai/ha) and
metolachlor (1.7 kg ai/ha) + fluometuron.
°PRE2 represents pyrithiobac and metolachlor applied alone.
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70% ethanol for 5 sec, then placed in sterilized water in a 200 ml-beaker. Symptomatic
areas of the plants were removed and placed on both acidic potato dextrose agar (PDA) or
water agar. After 48 h, fungal isolates were transferred to either acidic PDA or water agar
and placed in an incubator (14 C) for 48 h. After six days, isolates were transferred to
water agar amended with 200 mg tetracycline and 200 mg streptomycin per liter. These
cultures were then placed in an incubator at 28 C for five days. The isolates were
removed and subcultured on PDA plates and placed in the incubator (28 C) and the
original plate stored in the incubator (12 C). After 24 h, isolates identified as
Rhizoctonia solani were transferred to PDA slants and placed in an incubator at 28 C for
48 h. Cultures were stored at 12 C. The isolates of Rhizoctonia solani were transferred
from the slants to thin PDA plates after eight days and returned to the 28 C incubator.
The isolates were transferred from thin PDA plates to regular PDA after 48 h in the
incubator. Segments of thin PDA were placed in vials and stored in a refrigerator.
Selected isolates were then transferred from the PDA plates to slants and placed in a
refrigerator for storage.
Isolate Ben Hur 3 of R. solani was used as inoculum in the greenhouse studies.
Inoculum was prepared on com cob grits. The grits were made by placing 20 g o f com
cob grits in a 1 L wide mouth flask and adding 30 ml o f 0.025 M 1-asparagine then
autoclaving for two consecutive days. Following the second autoclaving, five plugs (5
mm) of PDA containing R. solani were placed in each flask, and 20 ml of distilled water
were added to each flask. The inoculated flasks were placed in the incubator at 28 C.
After two weeks o f incubation, the com cob grits were spread out in clear plastic boxes to
dry. Samples from the com cob grits mixture were plated on acidic PDA to test for
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fungal viability. After 48 h, the fungus began to grow on the media from 95% o f the
samples verifying inoculum viability.
The first greenhouse experiment was planted on March 5, 1999. A 1:1 mixture of
sterilized soil ( P - 191 mg/kg; Na - 24 mg/kg; K - 54 mg/kg; pH - 8.4) and sand was
mixed in a large plastic bag. After mixing the soil, 5 g o f com cob grits mixture was
added to the soil and thoroughly mixed. Ceramic pots (15.2 cm diameter) were filled
with approximately 400 g o f soil, and four cotton seed, ‘D&PL 436 RR’, were planted in
each pot. The cotton seed used for this study was not treated with any fungicide.
Appropriate pots were placed in a spray chamber and PRE treatments applied. Spray
volume o f 140 L/ha and spray pressure of 187 kPa was used. Immediately following
PRE application, all pots were placed on a bench in the greenhouse and irrigated with
approximately 0.64 cm o f water with an overhead sprinkler system. This was to assure
that herbicides were moved into the soil (activated). Each pot was placed in a ceramic
dish and sub-irrigated thereafter as needed. Supplemental lighting was provided by
incandescent lights on a 14h:10h cycle. The glyphosate application was made on March
18 when cotton had one true leaf (8.9 cm) using the same sprayer as described previously.
Three plants from each pot were removed and rated for disease severity on March 25
using the disease scale developed by Rothrock (1994). The experiment was repeated
beginning April 9 using the same procedures described previously.
Results and Discussion
Field Studies
During 1998, rainfall for the duration o f the study totaled 6.9 cm (Table 4.5). The
test area received 6.7 cm o f rain within 48 h o f PRE application which provided adequate
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Table 4.5. Minimum and maximum air temperature and precipitation during 1998 at Ben
Hur Research Farm, Baton Rouge, LA.a
Month/date
April
27
28
29
30

Minimum/Maximum temnerature
C

Precinitation
cm

18/28
18/30
18/24
18/22

0.0
4.1
2.6
0.05

13/24
15/28
19/27
15/29
15/29
21/30
23/29
21/31
23/34
20/32
15/29
16/31
15/32
19/32
22/31
22/32
22/32
18/34
17/34
18/34
20/32
20/32
20/31
22/32
20/32
20/32
19/34
22/34
23/35
22/35
25/36

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.2
0.0
0.0

25/36
25/36
25/34

0.0
0.0
0.0

M ay
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
June
1
2
3

Total
6.9
’Experiment planted April 27, cotyledon application made M ay 1 1 and plants removed for rating May 18.
T he 4 -lea f application w as made M ay 27 and plants were rem oved for rating June 3.
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incorporation and activation of the herbicides. Because o f lack of rainfall shortly after
planting in 1999 (Table 4.6), the test area was irrigated with 2.5 cm o f overhead
irrigation. This variation in rainfall contributed in significant year interactions and
consequently data for each year is presented separately.
In the 1998 field study, treatments were not different; however, there were
significant pairwise comparisons for the cotyledon application of glyphosate.
Metolachlor PRE followed by (fb) glyphosate (2.4) had lower hypocotyl disease severity
compared with metolachlor + fluometuron PRE fb glyphosate (2.8) and the nontreated
control (2.9) (Table 4.7). Pyrithiobac alone or in combination with fluometuron PRE fb
glyphosate had greater root disease severity (3.6) than glyphosate alone applied at the
cotyledon stage (3.1). Glyphosate following metolachlor with fluometuron (3.7) or
metolachlor alone (3.9) resulted in greater root disease severity compared with glyphosate
alone (3.1). Metolachlor alone fb glyphosate (3.9) had greater root disease severity than
the nontreated control (3.4).
For the 4-leaf application of glyphosate, hypocotyl disease severity following
pendimethalin + fluometuron fb glyphosate (3.1) was greater than pendimethalin +
fluometuron without glyphosate (2.8) or glyphosate alone (2.8) (Table 4.8).
Pendimethalin fb glyphosate (2.6) had lower hypocotyl disease severity compared with
pendimethalin + fluometuron fb glyphosate (3.1) and the nontreated control (3.0).
Metolachlor PRE fb glyphosate (3.1) had greater hypocotyl disease severity compared
with glyphosate alone (2.8). Pendimethalin fb glyphosate (2.1) had lower root disease
severity than the nontreated control (2.6) and pendimethalin + fluometuron fb glyphosate
( 2 .6 ).
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Table 4.6. Minimum and maximum air temperature and precipitation during 1999 at Ben
Hur Research Farm, Baton Rouge, LA.1
Month/date
April
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Minimum/Maximum tenroerature
C

PreciDitalion
cm

16/28
19/29
11/23
5/18
4/21
7/23
15/27
12/28
16/27
20/30
23/32
21/34
21/31
20/30
17/31
15/32
16/32

0.0
0.05
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.2
0.0
0.0
0.0

10/27
10/26
13/28
19/29
23/27
21/32
12/31
11/29
13/33
20/31
18/28
18/27
18/28
18/30
18/30
21/31
20/32
21/31
20/28
20/31

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.9
0.6
0.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0

May
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

4.9
Total
'Experiment planted April 14, cotyledon application made April 28 and plants rem oved for rating May 5.
The 4 -leaf application was made May 13 and plants were removed for rating May 20.
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Table 4.7. Cotton hypocotyl and root disease severity ratings one week following the
cotyledon application o f glyphosate and significant pairwise comparisons between
treatments for 1998 field experiment.*
Disease severity ratinec
Hvoocotvl
2.9
2.9

Herbicide treatment1’
Pendimethalin + fluometuron fb glyphosate
Pendimethalin + fluometuron

Root
3.3
3.2

Pyrithiobac + fluometuron fb glyphosate
Pyrithiobac + fluometuron

3.0
2.9

3.6
3.4

Metolachlor + fluometuron fb glyphosate
Metolachlor + fluometuron

2.8
2.7

3.7
3.8

Pendimethalin fb glyphosate
Pendimethalin

2.7
2.6

3.3
3.3

Pyrithiobac fb glyphosate
Pyrithiobac

2.6
2.7

3.6
3.3

Metolachlor fb glyphosate
Metolachlor

2.4
2.8

3.9
3.7

Glyphosate only

2.7

3.1

Nontreated

2.9

3.4

Comnarisons
Metolachlor fb glyphosate
vs. nontreated
Metolachlor + fluometuron
fb glyphosate vs.
metolachlor fb glyphosate

df

/•■-value

P

1

5.5

0.024

1

4.2

0.046

Pyrithiobac + fluometuron
fb glyphosate vs. glyphosate

—

_

Pyrithiobac fb glyphosate vs. glyphosate

-

-

Metolachlor + fluometuron
fb glyphosate vs. glyphosate

—

Metolachlor fb glyphosate vs. glyphosate

-

df

F-value
--

-

P
-

..

1

3.9

0.050

1

4.1

0.049

..

1

6.2

0.017

_

1

9.9

0.003

-

_
__
_
3.9
Metolachlor fb elvohosate vs. nontreated
1
0.050
‘Abbreviations: fb, follow ed by.
‘’Pendimethalin at 1.7 kg ai/ha, fluometuron at 1.3 kg ai/ha, pyrithiobac at 0.07 kg ai/ha, and metolachlor
at 1.7 kg ai/ha applied preemergence April27. Glyphosate at 0.84 kg ai/ha applied postemergence May 11.
‘Hypocotyl disease index scale: l=no symptoms; 2=few pinpoint lesions, diffuse colored areas; 3=distinct
necrotic lesions; 4=girdling lesion; and 5=dead seedling. Root disease index scale: l= n o symptoms; 2=110% o f root system discolored; 3=11-25% discolored; 4=26-50% discolored; and 5=>51% discolored.
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Table 4.8. Cotton hypocotyl and root disease severity ratings one week following the 4leaf application o f glyphosate and significant pairwise comparisons between treatments
for 1998 field experimentt.®
Disease severity ratine0
Hvoocotvl
Root
3.1
2.6
2.4
2.8

Herbicide treatmentb
Pendimethalin + fluometuron fb glyphosate
Pendimethalin + fluometuron
Pyrithiobac + fluometuron fb glyphosate
Pyrithiobac + fluometuron

2.9
2.9

2.3
2.6

M etolachlor + fluometuron fb glyphosate
M etolachlor + fluometuron

3.0
3.0

2.6
2.3

Pendimethalin fb glyphosate
Pendimethalin

2.6
2.9

2.1
2.3

Pyrithiobac fb glyphosate
Pyrithiobac

2.9
2.9

2.3
2.3

M etolachlor fb glyphosate
M etolachlor

3.1
2.9

2.6
2.4

Glyphosate only

2.8

2.4

Nontreated

3.0

2.6

P

P

df

/-"-value

6.87

0.012

-

-

1

5.05

0.030

_

-

Pendimethalin fb glyphosate
vs. nontreated

1

6.87

0.012

_

-

Pendimethalin + fluometuron fb
glyphosate vs. pendimethalin fb glyphosate
M etolachlor fb glyphosate vs. glyphosate

1
1

14.03
4.24

0.001
0.046

—

Pendimethalin fb glyphosate vs. nontreated

—

--

-

ComDarisons
Pendimethalin + fluometuron fb
glyphosate vs. pendimethalin + fluometuron

df

/•"-value

1

Pendimethalin + fluometuron fb
glyphosate vs. glyphosate

1

——

5.5

-

.

0.024

Pendimethalin +'fluometuron fb glyphosate
0.024
1
5.5
vs. Dendimethalin fb elvohosate
‘Abbreviations: fb, followed by.
bPendimethalin at 1.7 kg ai/ha, fluometuron at 1.3 kg ai/ha, pyrithiobac at 0.07 kg ai/ha, and metolachlor
at 1.7 kg ai/ha applied preemergence A pril 27. Glyphosate at 0.84 kg ai/ha applied postemergence May
27.
‘H ypocotyl disease index scale: l= n o symptoms; 2=few pinpoint lesions, diffuse colored areas; 3=distinct
necrotic lesions; 4=girdling lesion; and 5=dead seedling. Root disease index scale: l= no symptoms; 2=110% o f root system discolored; 3=11-25% discolored; 4=26-50% discolored; and 5=>51% discolored.
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El-Khadem et al. (1979) reported that high concentrations o f fluometuron increased the
incidence of both preemergence and postemergence damping-off in cotton. In the present
study, there were no differences in cotton plant populations 2 or 6 weeks after planting in
1998 indicating that even though seedling injury was significant for some treatments, it
was not significant enough to kill plants and reduce stand (Table 4.9).
Based on orthogonal contrasts, the application o f fluometuron with pendimethalin,
pyrithiobac, or metolachlor followed by glyphosate at cotyledon stage resulted in 12%
greater hypocotyl disease severity (2.9) compared with pendimethalin, pyrithiobac, or
metolachlor applied without fluometuron followed by glyphosate (2.6) (Table 4.10).
Pendimethalin, pyrithiobac, and metolachlor PRE followed by glyphosate at cotyledon
had 10% lower hypocotyl disease severity (2.6) compared with those same PRE
herbicides followed by glyphosate at 4-leaf (2.9). Metolachlor fb glyphosate at the
cotyledon stage had lower hypocotyl disease severity (2.4) compared with the other PRE
treatments fb glyphosate at the cotyledon stage (2.8). When glyphosate was applied at
the cotyledon stage following the PRE herbicides plus fluometuron, root disease severity
was 40% greater (3.5) than when glyphosate was applied at the 4-leaf stage following a
PRE plus fluometuron (2.5). Pendimethalin, pyrithiobac, and metolachlor PRE followed
by glyphosate at 4-leaf had lower root disease severity (2.3) than glyphosate at cotyledon
following those same PRE treatments (3.2). When comparing all treatments receiving
glyphosate, disease severity on hypocotyls was 7% greater when applied at the 4-leaf
stage (2.9) than at cotyledon (2.7). In contrast, disease severity on roots was 46% greater
when glyphosate was applied at cotyledon (3.5) than at the 4-leaf stage (2.4).
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Table 4.9. Cotton plant population for one row two and six weeks after planting in 1998
and 1999 at the Ben Hur Research Farm, Baton Rouge, LA.*
1999

1998
Treatmentb

2 WAP

6 WAP

Pendimethalin + fluometuron fb glyphosate (cotyl) 86
Pendimethalin + fluometuron fb glyphosate (4-leaf) 99
Pendimethalin + fluometuron
107

83
91
103

2 W AP
m -------101
104
104

Pyrithiobac + fluometuron fb glyphosate (cotyl)
Pyrithiobac + fluometuron fb glyphosate (4-ieaf)
Pyrithiobac + fluometuron

100
111
95

90
109
93

99
86
105

87
74
91

Metolachlor + fluometuron fb glyphosate (cotyl)
Metolachlor + fluometuron fb glyphosate (4-leaf)
Metolachlor +■fluometuron

84
99
82

74
97
82

96
87
89

84
80
78

Pendimethalin fb glyphosate (cotyl)
Pendimethalin fb glyphosate (4-leaf)
Pendimethalin

92
78
85

87
77
83

88
101
110

77
88
99

Pyrithiobac fb glyphosate (cotyl)
Pyrithiobac fb glyphosate (4-leaf)
Pyrithiobac

95
78
110

95
75
97

107
98
98

96
86
87

Metolachlor fb glyphosate (cotyl)
M etolachlor fb glyphosate (4-leaf)
Metolachlor

84
84
83

73
73
77

103
98
100

92
87
89

Glyphosate (cotyl)
Glyphosate (4-leaf)

93
82

87
77

104
101

93
89

6 WAP

89
93
93

97
108
Nontreated
90
82
NS
NS
LSD (0.051
NS
NS
'Abbreviations: W AP, w eeks after planting; fb, follow ed by; cotyl, cotyledon.
'’Pendimethalin at 1.7 kg ai/ha, fluometuron at 1.3 kg ai/ha, pyrithiobac at 0.07 kg ai/ha and metolachlor
at 1.7 kg ai/ha applied preemergence after planting. Glyphosate at 0.84 kg ai/ha applied postemergence at
cotyledon or 4-leaf.

78

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table 4.10. Significant orthogonal contrasts for cotton hypocotyl and root disease
severity ratings for 1998 field experiment.*
Hvpocotvl disease severity ratineb
PRE1Cfb glyphosate at cotyledon (2.9)c vs.
PRE2d fb glyphosate at cotyledon (2.6)

0.003

PRE2 fb glyphosate at cotyledon (2.6) vs.
PRE2 fb glyphosate at 4-leaf (2.9)

0.007

Metolachlor fb glyphosate at cotyledon (2.4) vs.
all other PRE’s fb glyphosate at cotyledon (2.8)

0.006

All PRE’s fb glyphosate at cotyledon (2.7) vs.
all PRE’s fb glyphosate at 4-leaf (2.9)

0.007

P

Root disease severity rating
PRE1 fb glyphosate at cotyledon (3.5) vs.
PRE1 fb glyphosate at 4- leaf (2.5)

0.0001

PRE2 fb glyphosate at cotyledon (3.2) vs.
PRE2 fb glyphosate at 4-leaf (2.3)

0.0001

P

All PRE’s fb glyphosate at cotyledon (3.5) vs.
all PRE’s fb elvphosate at 4-leaf (2.4)
0.0001
aAbbreviations: fb, followed by
bHypocotyl disease index scale: l=no symptoms; 2=few pinpoint lesions, diffuse
colored areas; 3=distinct necrotic lesions; 4=girdling lesion; and 5=dead seedling.
°PRE1 represents pendimethalin (1.7 kg ai/ha) + fluometuron (1.3 kg ai/ha), pyrithiobac
(0.07 kg ai/ha) + fluometuron, and metolachlor (1.7 kg ai/ha) + fluometuron.
dPR£2 represents, pendimethalin, pyrithiobac, and metolachlor applied alone.
'Values in parentheses represent mean disease rating.
f Root disease index scale: l=no symptoms; 2=1-10% of root system discolored; 3=1125% discolored; 4=26-50% discolored; and 5=>51% discolored.
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Following the application of glyphosate at the cotyledon stage, 85% o f the fungi isolated
from the hypocotyls and roots were Rhizoctonia solani. After the 4-leaf application o f
glyphosate, R. solani alone was isolated from only 30% of the samples. R. solani and
either Fusarium spp., Curvularia spp., or Aspergillus spp. were recovered from 55% o f
the isolates. Following the 4-leaf application, air and soil temperatures were warmer and
the soil moisture level had decreased. By the 4-leaf application, seedling disease has
already set in on the hypocotyl so a glyphosate application most likely did not prevent
injury. Also, cotton plants are more resistant to seedling disease with age. Lesions on
plant hypocotyls and roots caused by R. solani were colonized by secondary invaders
such as Curvularia spp. (Fulton and Bollenbacher 1959).
As in 1998, disease ratings for hypocotyls and roots were not different among
treatments for the 1999 study, but some significant pairwise comparisons were observed.
Cotyledon application of glyphosate following pyrithiobac + fluometuron decreased
hypocotyl disease severity (1.3) compared with pyrithiobac + fluometuron without
glyphosate (1.7) and pyrithiobac alone fb glyphosate (1.8) (Table 4.11). This is contrary
to the 1998 data where in most instances the addition o f fluometuron to pendimethalin,
pyrithiobac, or metolachlor increased disease severity compared with these herbicides
applied alone. The combination o f metolachlor and fluometuron resulted in a 15%
increase in root disease severity (2.3) compared with the nontreated control (2.0).
Following the cotyledon application, over 90% of the fungi isolated were Fusarium spp.
As in 1998, there were no differences in plant population 2 or 6 weeks after planting in
1999 (Table 4.9).
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Table 4.11. Cotton hypocotyl and root disease severity ratings one week following the
cotyledon application of glyphosate and significant pairwise comparisons between
treatments for 1999 field experiment.1
Disease severity ratine0
Herbicide treatment1’
Pendimethalin + fluometuron fb glyphosate
Pendimethalin + fluometuron

Hvoocotvl
1.6
1.4

Root
2.0
1.9

Pyrithiobac + fluometuron fb glyphosate
Pyrithiobac + fluometuron

1.3
1.7

1.9
2.2

M etolachlor + fluometuron fb glyphosate
M etolachlor + fluometuron

1.7
1.7

2.2
2.3

Pendimethalin fb glyphosate
Pendimethalin

1.7
1.6

1.9
2.2

Pyrithiobac fb glyphosate
Pyrithiobac

1.8
1.5

2.1
2.1

M etolachlor fb glyphosate
Metolachlor

1.7
1.8

2.2
2.0

Glyphosate only

1.6

2.1

Nontreated

1.6

2.0

Comnarisons
Pyrithiobac + fluometuron fb glyphosate
vs. pyrithiobac + fluometuron
Pyrithiobac + fluometuron fb glyphosate
vs. pyrithiobac fb glyphosate

P

df

/•■-value

1

5.45

0.025

1

7.84

0.008

df

F-value

P

1
4.0 5
0.050
Metolachlor + fluometuron vs. nontreated
‘Abbreviations: fb, followed by.
’’Pendimethalin at 1.7 kg ai/ha, fluometuron at 1.3 kg ai/ha, pyrithiobac at 0.07 kg ai/ha, and metolachlor
at 1.7 kg ai/ha applied preemergence April 14. Glyphosate at 0.84 kg ai/ha applied postemergence April
28.
‘H ypocotyl disease index scale: l= no symptoms; 2=few pinpoint lesions, diffuse colored areas; 3=distinct
necrotic lesions; 4=girdling lesion; and 5=dead seedling. Root disease index scale: l= no symptoms; 2=110% o f root system discolored; 3=11-25% discolored; 4=26-50% discolored; and 5=>51% discolored.
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Following the 4-leaf application, pyrithiobac fb glyphosate had lower hypocotyl disease
severity (1.7) than pyrithiobac without a glyphosate application (2.2) and pyrithiobac +
fluometuron fb glyphosate (2.1) (Table 4.12). None o f the contrasts for root disease
ratings were different. For the orthogonal contrasts, all PRE treatments in combination
with fluometuron fb glyphosate application at the cotyledon stage had lower hypocotyl
disease severity (1.5) compared with those same PRE treatments fb glyphosate
application at 4-leaf (2.0) (Table 4.13). All PRE treatments that received a glyphosate
application at cotyledon had lower hypocotyl disease severity (1.6) compared with all
PRE treatments that were treated with glyphosate at the 4-leaf stage (1.9). A PRE
application o f pendimethalin, pyrithiobac, or metolachlor fb glyphosate at the 4-leaf stage
had lower hypocotyl disease (1.9) compared with those PRE treatments without a
glyphosate application (2.1).
Comparing hypocotyl disease severity for the cotyledon application o f glyphosate in
1998 and 1999, glyphosate application following PRE application of metolachlor +
fluometuron or following pyrithiobac + fluometuron lowered disease severity when
compared with the PRE herbicides applied alone (Tables 4.7 and 4.11). Heydari and
Misaghi (1998) reported pendimethalin increased R. solani damping-off, but this was not
observed in our study. At cotyledon application, the cotton plants are smaller with fewer
leaves than the 4-leaf application which allows for more glyphosate to physically contact
the hypocotyl. Glyphosate or the surfactants contained in this formulation may have
some fungicidal properties that decreased disease severity. This theory is supported by
the orthogonal contrast that showed that glyphosate application at the cotyledon stage
resulted in lower hypocotyl disease severity than the 4-leaf application. In 1999,
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Table 4.12. Cotton hypocotyl and root disease severity ratings one week following the 4leaf application o f glyphosate and significant pairwise comparisons between treatments
for 1999 field test.*
Disease severity ratincc
Hvnocotvl

Herbicide treatmentb

Root

Pendimethalin + fluom eturon fb glyphosate
Pendimethalin + fluometuron

2.0
1.9

2.2
2.3

Pyrithiobac + fluometuron fb glyphosate
Pyrithiobac + fluometuron

2.1
2.1

2.2
2.3

Metolachlor + fluometuron fb glyphosate
M etolachlor + fluometuron

2.0
1.8

2.1
2.2

Pendimethalin fb glyphosate
Pendimethalin

2.1
2.0

2.2
2.0

Pyrithiobac fb glyphosate
Pyrithiobac

1.7
2.2

2.1
2.2

Metolachlor fb glyphosate
Metolachlor

1.9
2.1

2.2
2.2

Glyphosate only

1.9

2.1

Nontreated

1.8

2.2

Comnarisons
Pyrithiobac fb glyphosate vs. pyrithiobac

df
1

F-value
9.23

P

df

0.004

-

F-value

P

Pyrithiobac + fluometuron fb glyphosate
5.04
0.031
vs. Dvrithiobac fb elvnhosate
1
‘Abbreviations: fb, follow ed by.
‘’Pendimethalin at 1.7 kg ai/ha, fluometuron at 1.3 kg ai/ha, pyrithiobac at 0.07 kg ai/ha, and metolachlor
at 1.7 kg ai/ha applied preemergence April 14. Glyphosate at 0.84 kg ai/ha applied postem ergence May
13.
T lypocotyl disease index scale: l=no symptoms; 2= few pinpoint lesions, diffuse colored areas; 3=distinct
necrotic lesions; 4=girdling lesion; and 5=dead seedling. Root disease index scale: l= n o symptoms; 2=110% o f root system discolored; 3=11-25% discolored; 4=26-50% discolored; and 5=>51% discolored.
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Table 4.13. Significant orthogonal contrasts for hypocotyl disease severity ratings* for
the 1999 field experiment.*’1’
P

Contrast
PRE1Cfb glyphosate at cotyledon (1.5)dvs.
PRE1 fb glyphosate at 4-leaf (2.0)

0.0001

All PRE treatments with glyphosate at cotyledon (1.6) vs.
all PRE treatments with glyphosate at 4-leaf (1.9)

0.0001

0.0350
PRE2Cfb elvphosate at 4-leaf ( 1.91 vs. PRE2 (2.11
*Hypocotyl disease index scale: l=no symptoms; 2=few pinpoint lesions, diffuse
colored areas; 3=distinct necrotic lesions; 4=girdling lesion; and 5=dead seedling.
bAbbreviations: fb, followed by.
CPRE1 represents pendimethalin (1.7 kg ai/ha) + fluometuron (1.3 kg ai/ha), pyrithiobac
(0.07 kg ai/ha) + fluometuron, and metolachlor (1.7 kg ai/ha) + fluometuron.
dValue in parentheses represent mean hypocotyl disease severity rating.
ePRE2 represents pendimethalin, pyrithiobac, and metolachlor applied alone.
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glyphosate application at cotyledon following a PRE herbicide resulted in lower
hypocotyl disease ratings compared with PRE herbicides that were not followed with a
glyphosate application. The influence o f PRE herbicides on root disease severity
following cotyledon application o f glyphosate was different compared with hypocotyl
disease severity. Pyrithiobac and metolachlor resulted in greater root disease severity
than glyphosate alone or the nontreated control. Metolachlor increased root disease
severity in three instances in 1998 and one in 1999 when glyphosate was applied at
cotyledon. The mode o f action o f metolachlor is not well understood. The
chloroacetamide family o f herbicides inhibit biosynthesis o f fatty acids and lipids,
protein, isoprenoids, and flavonoids. Metolachlor is absorbed by both the shoot and roots
of young seedlings with some limited translocation. Root absorption o f metolachlor
might weaken plant defenses in the root allowing R. solani to infect plant tissue. Because
the glyphosate application is made at the cotyledon stage, little o f the glyphosate applied
to cotton plants will reach the root system. There is a minimal amount o f photosynthesis
occurring in the cotyledon leaves; therefore, translocation of products from the leaves to
the roots is minimal. If glyphosate does have fungicidal activity, the lack o f translocation
would decrease the amount of glyphosate reaching the roots and the effect glyphosate
would have on invading pathogens. In addition, the stress o f PRE herbicides on young
seedlings could predispose the seedling root infections.
There were more significant comparisons for hypocotyl ratings than comparisons
for root ratings following the 4-leaf application of glyphosate (Tables 4.6 and 4.10). The
addition o f fluometuron to pendimethalin and pyrithiobac increased hypocotyl disease
severity compared with pendimethalin and pyrithiobac applied alone. Hypocotyl disease
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severity was not decreased by glyphosate application at the 4-leaf stage. This could be
due to less glyphosate contact with the hypocotyl region due to the increased foliage at
time o f application. Glyphosate application may have helped decrease root disease
severity due to translocation o f glyphosate to the roots. Leaves of plants at time o f this
application are actively photosynthesizing and translocating photosynthates to the roots.
Glyphosate in the roots may be protecting the cotton seedling from seedling infection.
Plants at the time o f the 4-leaf application are larger with thicker cuticles thereby making
them less susceptible to seedling disease (Hunter and Guinn 1968). Hunter et al. (1978)
demonstrated differences in disease susceptibility between 5 and 12 days after planting.
The larger plants also may have recovered from any stress associated with the PRE
herbicides.
The results for the field experiments differed between years since environmental
conditions varied. This is to be expected since seedling disease development is
environmentally sensitive. If soil moisture had been higher and air temperatures lower,
Pythium spp. may have been more predominant. While the environment was adequate
for R. solani development, growing conditions were ideal for rapid seedling development.
This allowed cotton seedlings to quickly grow past the susceptible stage. If disease
incidence had been greater, it may have contributed to the determination o f the impact of
PRE herbicides on disease incidence and severity. Under the conditions in the two years
o f this study, PRE herbicides contributed to higher disease severity which agrees with
previous work that demonstrated PRE herbicides predispose cotton seedlings to seedling
diseases (Chandler and Santelmann 1968; El-Khadem et al. 1979; Heydari and Misaghi
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1998). It will be important to determine the mechanisms by which herbicides contribute
to cotton susceptibility to seedling diseases.
Greenhouse Study
Hypocotyl disease severity ratings are reported separately for each experiment and
data averaged across experiments are also presented. For both experiments, inoculated
treatments had greater hypocotyl disease severity than the non-inoculated treatment
regardless o f PRE herbicide or glyphosate application (Table 4.14 and 4.15). In
experiment 2, glyphosate application following metolachlor PRE reduced hypocotyl
disease severity (2.4) compared with metolachlor PRE without the glyphosate application
(3.3) (Table 4.14). Averaged across both tests, glyphosate following metolachlor PRE in
inoculated soil reduced hypocotyl disease severity (3.2) compared with metolachlor PRE
(3.7) without the glyphosate application in inoculated soil (Table 4.16). Pyrithiobac PRE
in non-inoculated soil caused greater hypocotyl disease severity (2.1) compared with the
nontreated (1.5).
As with hypocotyl ratings, root ratings are presented separately for each test and
averaged across tests. As with the hypocotyl ratings, treatments inoculated with R. solani
had greater disease severity compared with non-inoculated treatments regardless o f PRE
herbicide or glyphosate application (Table 4.17 and Table 4.18). In experiment I,
metolachlor + fluometuron PRE (2.3) in non-inoculated soil resulted in greater root
disease severity compared with the the nontreated (1.8) based on pairwise comparison
(Table 4.17). Root disease severity was greater with pyrithiobac + fluometuron PRE fb
glyphosate (5.0) compared with pyrithiobac + fluometuron (3.7) in inoculated soil in
experiment 2 (Table 4.18). Glyphosate following metolachlor + fluometuron PRE (3.8)
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Table 4.14. Cotton hypocotyl disease severity ratings following preemergence herbicides
and cotyledon application of glyphosate, and significant pairwise comparisons between
treatments for experiment 1 o f the greenhouse study.1
Hvnocotvl ratines0
Inoculated*1
Non-inoculated

Herbicide treatment1’
Pyrithiobac + fluometuron fb glyphosate
Pyrithiobac + fluometuron

3.9
3.9

1.9
2.1

Metolachlor + fluometuron fb glyphosate
Metolachlor + fluometuron

3.8
3.8

2.4
1.8

Pyrithiobac fb glyphosate
Pyrithiobac

3.9
3.9

2.6
2.4

Metolachlor fb glyphosate
Metolachlor

3.8
4.1

2.2
1.8

Glyphosate only

3.9

1.7

Pathogen only

4.0

Nonneated

—

Comnarisons
Inoculated - pyrithiobac + fluometuron fb glyphosate
vs. non-inoculated - pyrithiobac + fluometuron fb glyphosate

df

—
1.8
F-value

P

1

36.3

0.0001

Inoculated - pyrithiobac +- fluometuron fb glyphosate
vs. nontreated

1

44.3

0.0001

Inoculated - m etolachlor + fluometuron fb glyphosate
vs. non-inoculated - metolachlor + fluometuron fb glyphosate

1

14.1

0.0003

Inoculated - m etolachlor + fluometuron fb glyphosate
vs. nontreated

1

29.9

0.0001

Inoculated -pyrithiobac fb glyphosate vs.
non-inoculated - pyrithiobac fb glyphosate

1

17.2

0.0001

Inoculated -pyrithiobac fb glyphosate vs. nontreated

1

40.9

0.0001

Inoculated - m etolachlor fb glyphosate vs.
non-inoculated - metolachlor fb glyphosate

I

23.9

0.0001

34.2
0.0001
Inoculated - m etolachlor fb elvDhosate vs. nontreated
1
‘Abbreviations: fb, follow ed by.
'’Pendimethalin at 1.7 kg ai/ha, fluometuron at 1.3 kg ai/ha, pyrithiobac at 0.07 kg ai/ha and metolachlor
at 1.7 kg ai/ha applied preemergence. Glyphosate at 0.84 kg ai/ha applied at 1-leaf.
‘’Hypocotyl disease index scale: l= no symptoms; 2= few pinpoint lesions, diffuse colored areas; 3=distinct
necrotic lesions; 4=girdling lesion; and 5=dead seedling.
‘‘Soil incolated with Rhizoctonia solani.
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Table 4.1 S. Cotton hypocotyl disease severity ratings following preemergence herbicides
and cotyledon application o f glyphosate, and significant pairwise comparisons between
treatments for experiment 2 o f the greenhouse study.'
Hvnocotvl ratine'
Inoculated
Non-inoculated
3.4
1.5
3.2
1.7

Herbicide treatment1’
Pyrithiobac + fluometuron fb glyphosate
Pyrithiobac + fluometuron
M etolachlor + fluometuron fb glyphosate
M etolachlor + fluometuron

3.0
3.3

1.4
1.5

Pyrithiobac fb glyphosate
Pyrithiobac

3.5
3.5

1.4
1.8

Metolachlor fb glyphosate
Metolachlor

2.4
3.3

1.5
1.3

Glyphosate only

2.8

1.0

Pathogen only

3.0

—

Nontreated

——

1.3

Contrasts
Inoculated - pyrithiobac + fluometuron fb glyphosate
vs. non-inoculated - pyrithiobac + fluometuron fb glyphosate

df

F-value

P

1

30.9

0.0001

Inoculated - pyrithiobac + fluometuron fb glyphosate
vs. nontreated

1

39.6

0.0001

Inoculated - metolachlor + fluometuron fb glyphosate
vs. non-inoculated - metolachlor + fluometuron fb glyphosate

1

20.9

0.0001

Inoculated - metolachlor + fluometuron fb glyphosate
vs. nontreated

1

24.0

0.0001

Inoculated -pyrithiobac fb glyphosate vs.
non-inoculated - pyrithiobac fb glyphosate

1

36.6

0.0001

Inoculated -pyrithiobac fb glyphosate vs. nontreated

1

42.7

0.0001

Inoculated - metolachlor fb glyphosate vs.
inoculated - metolachlor

1

6.1

0.0154

Inoculated - metolachlor fb glyphosate vs.
non-inoculated - metolachlor fb glyphosate

1

23.9

0.0001

34.2
0 .0001
I
Inoculated - metolachlor fb elvnhosate vs. nontreated
‘Abbreviations: fb, followed by.
‘"Pendimethalin at 1.7 kg ai/ha, fluometuron at 1.3 kg ai/ha, pyrithiobac at 0.07 kg ai/ha and metolachlor
at 1.7 kg ai/ha applied preemergence. Glyphosate at 0.84 kg ai/ha applied at 1-leaf.
“H ypocotyl disease index scale: l= n o symptoms; 2=few pinpoint lesions, diffuse colored areas; 3=distinct
necrotic lesions; 4=girdling lesion; and 5=dead seedling.
‘‘Soil incolated with Rhizoctonia solani.
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Table 4.16. Cotton hypocotyl disease severity ratings following preemergence herbicides
and cotyledon application o f glyphosate, and significant pairwise comparisons between
treatments for the greenhouse study.3
Hvoocotvl ratine'
Inoculated d
Non-inoculated
3.7
1.7
3.5
1.9

Herbicide treatment1’
Pyrithiobac + fluometuron fb glyphosate
Pyrithiobac + fluometuron
Metolachlor + fluometuron fb glyphosate
M etolachlor + fluometuron

3.4
3.6

1.9
1.7

Pyrithiobac fb glyphosate
Pyrithiobac

3.9
3.7

2.0
2.1

M etolachlor fb glyphosate
M etolachlor

3.2
3.7

1.8
1.6

Glyphosate only

3.4

1.4

Pathogen only

3.5

—

—

Nontreated
Contrasts
Inoculated - pyrithiobac + fluometuron fb glyphosate
vs. non-inoculated - pyrithiobac + fluometuron fb glyphosate

df

1.5
F-value

P

1

47.6

0.0001

Inoculated - pyrithiobac + fluometuron fb glyphosate
vs. nontreated

1

58.5

0.0001

Inoculated - metolachlor + fluometuron fb glyphosate
vs. non-inoculated - m etolachlor + fluometuron fb glyphosate

1

23.6

0.0001

Inoculated - metolachlor + fluometuron fb glyphosate
vs. nontreated

1

36.7

0.0001

Inoculated -pyrithiobac fb glyphosate vs.
non-inoculated - pyrithiobac fb glyphosate

1

35.3

0.0001

Inoculated - pyrithiobac fb glyphosate vs. nontreated

1

56.8

0.0001

Inoculated - metolachlor fb glyphosate vs.
inoculated - metolachlor

1

4.3

0.0388

Inoculated - metolachlor fb glyphosate vs.
non-inoculated - m etolachlor fb glyphosate

1

19.6

0.0001

Inoculated - metolachlor fb glyphosate vs. nontreated

1

28.6

0.0001

3.9
N on-inoculated - nvrithiobac vs. nontreated
1
0.0482
'Abbreviations: fb, follow ed by.
‘’Pendimethalin at 1.7 kg ai/ha, fluometuron at 1.3 kg ai/ha, pyrithiobac at 0.07 kg ai/ha and metolachlor
at 1.7 kg ai/ha applied preem ergence. Glyphosate at 0.84 kg ai/ha applied at 1-leaf.
'H ypocotyl disease index scale: l= n o symptoms; 2=few pinpoint lesions, diffuse colored areas; 3=distinct
necrotic lesions; 4=girdling lesion; and 5=dead seedling.
dSoil incolated with Rhizoctonia solani.
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Table 4.17. Root disease severity ratings following preemergence herbicides and
cotyledon application o f glyphosate and significant pairwise comparisons between
treatments for experiment 1 of the the greenhouse study.*
Root ratine0
Inoculatedd
Non-inoculated

Herbicid treatment*’
Pyrithiobac + fluometuron fb glyphosate
Pyrithiobac + fluometuron

4.3
4.7

2.4
2.4

Metolachlor + fluometuron fb glyphosate
Metolachlor + fluometuron

4.7
4.2

2.4
2.3

Pyrithiobac fb glyphosate
Pyrithiobac

4.7
4.6

2.3
2.1

Metolachlor fb glyphosate
Metolachlor

4.4
4.3

2.7
2.2

Glyphosate only

4.9

2.1

Pathogen only

4.7

------

-----

1.8

Nontreated
Comparisons
Inoculated - pyrithiobac + fluometuron fb glyphosate
vs. non-inoculated - pyrithiobac + fluometuron fb glyphosate

df

/•■-value

P

1

25.9

0.0001

Inoculated - pyrithiobac + fluometuron fb glyphosate
vs. nontreated

1

51.1

0.0001

Inoculated - metolachlor + fluometuron fb glyphosate
vs. non-inoculated - m etolachlor + fluometuron fb glyphosate

1

31.8

0.0001

Inoculated - metolachlor + fluometuron fb glyphosate
vs. nontreated

1

51.1

0.0001

Non-inoculated - m etolachlor + fluometuron vs.
nontreated

1

8.3

0.0043

Inoculated -pyrithiobac fb glyphosate vs.
non-inoculated - pyrithiobac fb glyphosate

1

38.3

0.0001

Inoculated -pyrithiobac fb glyphosate vs. nontreated

1

58.6

0.0001

Inoculated - metolachlor fb glyphosate vs.
non-inoculated - m etolachlor fb glyphosate

1

19.9

0.0001

0.0001
1
46.5
Inoculated - metolachlor fb elvohosate vs. nontreated
‘Abbreviations: fb, follow ed by.
’’Pendimethalin at 1.7 kg ai/ha, fluometuron at 1.3 kg ai/ha, pyrithiobac at 0.07 kg ai/ha and metolachlor
at 1.7 kg ai/ha applied preemergence. Glyphosate at 0.84 kg ai/ha applied at 1-leaf.
11001 disease index scale: l= n o symptoms; 2=1-10% o f root system discolored; 3=11-25% discolored;
4=26-50% discolored; and 5=>51% discolored.
dSoil inoculated with Rhizoctonia solani.
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Table 4.18. Root disease severity ratings following preemergence herbicides and
cotyledon application o f glyphosate and significant pairwise comparisons between
treatments for experiment 2 o f the the greenhouse study.*
Root ratine1*
Inoculated*1
Non-inoculated

Herbicid treatment*’
Pyrithiobac + fluometuron fb glyphosate
Pyrithiobac + fluometuron

5.0
3.7

2.3
2.4

Metolachlor + fluometuron fb glyphosate
Metolachlor + fluometuron

3.8
5.0

2.5
3.3

Pyrithiobac fb glyphosate
Pyrithiobac

4.3
4.7

2.3
2.3

Metolachlor fb glyphosate
Metolachlor

3.8
4.7

2.5
3.0

Glyphosate only

3.8

2.1

Pathogen only

4.4

------

-----

2.1

Nontreated
Comparisons
Inoculated - pyrithiobac + fluometuron fb glyphosate
vs. inoculated - pyrithiobac + fluometuron

df

F-value

P

1

12.1

0.0008

Inoculated - pyrithiobac + fluometuron fb glyphosate
vs. non-inoculated - pyrithiobac + fluometuron fb glyphosate

1

48.4

0.0001

Inoculated - pyrithiobac + fluometuron fb glyphosate
vs. nontreated

1

57.9

0.0001

Inoculated - metolachlor + fluometuron fb glyphosate
vs. inoculated - m etolachlor + fluometuron

1

Inoculated - metolachlor + fluometuron fb glyphosate
vs. non-inoculated - m etolachlor + fluometuron fb glyphosate

1

10.6

0.0016

Inoculated - metolachlor + fluometuron fb glyphosate
vs. nontreated

1

18.4

0.0001

Non-inoculated - metolachlor + fluometuron vs.
nontreated

1

9.3

0.0030

Inoculated -pyrithiobac fb glyphosate vs.
non-inoculated - pyrithiobac fb glyphosate

1

38.3

0.0001

Inoculated -pyrithiobac fb glyphosate vs. nontreated

1

58.6

0.0001

8.67

0.0041

(Table cont.)
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Inoculated - m etolachlor fb glyphosate vs.
inoculated - glyphosate

1

4.3

0.040S

non-inoculated - m etolachlor fb glyphosate

1

10.87

0.0014

Inoculated - m etolachlor fb glyphosate vs. nontreated

1

18.7

0.0001

Inoculated - metolachlor fb glyphosate vs.

Non-inoculated - m etolachlor vs. nontreated
1
5.7
0.0188
‘Abbreviations: fb, follow ed by.
bPendimethalin at 1.7 kg a i/ha, fluometuron at 1.3 kg ai/ha, pyrithiobac at 0.07 kg ai/ha and metolachlor
at 1.7 kg ai/ha applied preemergence. Glyphosate at 0.84 kg ai/ha applied at I-leaf.
TRoot disease index scale: l= n o symptoms; 2=1-10% o f root system discolored; 3=11-25% discolored;
4=26-50% discolored; and 5=>51% discolored.
dSoil inoculated with Rhizoctonia solani.
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or metolachlor PRE (3.8) reduced root disease severity compared with metolachlor +
fluometuron (5.0) or metolachlor PRE (4.7). Metolachlor + fluometuron PRE in noninoculated soil caused greater root disease severity (3.3) compared with the nontreated
control (2.1). Metolachlor PRE without the pathogen resulted in greater root disease
severity (3.0) than the nontreated (2.1). When metolachlor was applied PRE alone (2.6)
or in combination with fluometuron (2.6) without the pathogen, root disease severity was
greater than the nontreated (1.9) based on pairwise comparison (Table 4.19). This
indicates that a PRE application o f metolachlor causes some root damage without the
presence o f pathogen and agrees with results of the field study. There was only one
significant orthogonal contrast for the greenhouse study. The inoculated treatment o f
pyrithiobac and metolachlor applied PRE with fluometuron fb glyphosate resulted in
greater disease severity for both the hypocotyl and root rating compared with the same
treatments that were not inoculated.
Based on the greenhouse tests, the inoculation procedure produced adequate levels
o f seedling infection. Heydari and Misaghi (1998) reported a PRE application of
prometryn caused an increase in preemergent damping-off in soil inoculated with R.
solani compared with applications o f pendimethalin or trifluralin PRE. Prometryn has a
the same mode o f action as fluometuron; however, the addition o f fluometuron to
pyrithiobac or metolachlor did not increase disease severity compared with pyrithiobac or
metolachlor alone in this study. El-Khadem et al. (1979) reported that fluometuron at 2
and 3 ppm decreased the susceptibility o f cotton plants to R. solani. Application o f
metolachlor PRE alone or with fluometuron in the present study increased root injury
without inoculation compared with the nontreated control. This root injury following an
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Table 4.19. Root disease severity ratings following preemergence herbicides and
cotyledon application o f glyphosate and significant pairwise comparisons between
treatments for the greenhouse study.*
Root ratinec
Inoculated4
Non-inoculated

Herbicid treatment1’
Pyrithiobac + fluometuron fb glyphosate
Pyrithiobac + fluometuron

4.7
4.1

2.4
2.4

Metolachlor + fluometuron fb glyphosate
Metolachlor + fluometuron

4.2
4.6

2.4
2.8

Pyrithiobac fb glyphosate
Pyrithiobac

4.5
4.6

2.3
2.2

Metolachlor fb glyphosate
Metolachlor

4.0
4.5

2.6
2.6

Glyphosate only

4.4

2.2

Pathogen only

4.6

------

-----

1.9

Nontreated
Comparisons
Inoculated - pyrithiobac + fluometuron fb glyphosate
vs. non-inoculated - pyrithiobac + fluometuron fb glyphosate

df

/•"-value

P

1

60.2

0.0001

Inoculated - pyrithiobac + fluometuron fb glyphosate
vs. nontreated

1

90.3

0.0001

Inoculated - metolachlor + fluometuron fb glyphosate
vs. non-inoculated - metolachlor + fluometuron fb glyphosate

1

31.6

0.0001

Inoculated - metolachlor + fluometuron fb glyphosate
vs. nontreated

1

52.7

0.0001

Inoculated -pyrithiobac fb glyphosate vs.
non-inoculated - pyrithiobac fb glyphosate

1

55.7

0.0001

Inoculated -pyrithiobac fb glyphosate vs. nontreated

1

75.4

0.0001

Inoculated - metolachlor fb glyphosate vs.
non-inoculated - metolachlor fb glyphosate

1

25.9

0.0001

Inoculated - metolachlor fb glyphosate vs. nontreated

1

52.5

0.0001

Non-inoculated - metolachlor + fluometuron vs.
nontreated

1

8.3

0.0043

5.7
1
0.0182
Non-inoculated - metolachlor vs. nontreated
‘Abbreviations: fb, follow ed by.
bPendimethalin at 1.7 kg ai/ba, fluometuron at 1.3 kg ai/ha, pyrithiobac at 0.07 kg ai/ha and metolachlor
at 1.7 kg ai/ha applied preemergence. Glyphosate at 0.84 kg ai/ha applied at 1-leaf.
cRoot disease index scale: l= n o symptoms; 2=1-10% o f root system discolored; 3=11-25% discolored;
4=26-50% discolored; and 5=>51% discolored.
dSoil inoculated with Rhizoctonia solani.
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application of metolachlor PRE is similar to that observed in the field study following the
cotyledon application o f glyphosate (Tables 4.7 and 4.11). This shows that some PRE
herbicides alone may damage cotton seedlings increasing disease severity. Herbicides
have been shown cause changes in plant growth, Iignin-containing substances, and P*
glucosides (Paul and Schonbeck 1976) and the release o f nutrients from roots (Altman
and Rovira 1989; Wyse et al. 1976). These changes in the plant roots could account for
the higher than expected disease ratings for the non-inoculated treatments.
Results of the field and laboratory studies agree with previous research (Chandler
and Santelmann 1968; El-Khadem et al. 1979; Heydari and Misaghi 1998; Neubauer and
Avizohar-Hershenson 1973; Standifer et al. 1966) that there is the potential for PRE
herbicides to increase seedling disease severity. The effect of glyphosate on the
incidence or severity o f seedling disease is still not clear. Glyphosate or the surfactants
contained in the formulation may have an inhibitory effect on the growth o f soil-bome
pathogens preventing them from attacking plants especially in the hypocotyl region
(Berner et al. 1991; Quilty and Geoghegan 1975; Sharma et al. 1989) Translocation of
glyphosate to the roots could affect soil microflora and increase or decrease disease
severity (Levesque and Rahe 1992).
In the field study, soil moisture and air temperatures were not conducive to
incidence of seedling disease. In the greenhouse study, soil moisture was adequate, but
temperatures may have been too high for R. solani to reach severe levels; however, soil
and air temperatures were conducive to growth o f the cotton seedlings. This allowed the
young cotton plants to grow quickly past the susceptibility stage to seedling disease.
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While this research has shown PRE herbicides do injure cotton seedlings, the injury
most likely would not have resulted in decreased yields. PRE herbicides are an important
part o f an integrated pest management program for cotton. Due to slow early season
growth of cotton, early weed competition can severely impact cotton yield if weeds are
not controlled. In most years, producers planting cotton at recommended soil
temperatures (> 19 C) (Anonymous 1996; Minton and Garber 1983) and the addition o f
an in-furrow fungicide will provide adequate protection of cotton seeds and seedlings
from pathogens (Hillcocks et al. 1988; Lisker and Meiri 1992; Minton and Garber 1983).
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CHAPTER 5
SUMMARY
Field studies were conducted from 1997 to 1999 at the Macon Ridge location of the
Northeast Research Station and the Northeast Research Station in 1998 to evaluate
glyphosate-insecticide combinations for early season cotton insect control. Treatments
included the following insecticides applied alone and in combination with glyphosate:
acephate, dicrotophos, dimethoate, fipronil, imidacloprid, /a/wfo/a-cyhalothrin, and
oxamyl. A separate experiment conducted in 1998 included glyphosate formulated with
surfactant and glyphosate formulated without surfactant applied with dicrotophos,
imidacloprid, and oxamyl. Aphid and thrips populations were variable throughout the
course of the study. The addition of glyphosate to dicrotophos improved aphid control
only in the 1999 study. Thrips control was improved with the addition o f glyphosate to
acephate, dicrotophos, and dimethoate in several cases. Improved control is likely due to
the surfactants contained in the glyphosate formulation.
Experiments were conducted in 1997 and 1998 in a non-crop area at the Ben Hur
Research Farm to evaluate weed control with various glyphosate-insecticide
combinations. Treatments included glyphosate applied alone or with the previously
mentioned insecticides. In addition to the above insecticides, endosulfan was included.
Applications in the first experiment in 1997 were made to weeds ranging from 3.8 to 12.7
cm in size. Redweed (Melochoia corchorifolia L.) control 14 DAT was lower with the
glyphosate plus endosulfan combination compared with glyphosate applied alone.
Treatments for the second experiment in 1997 and both experiments in 1998 were
purposefully applied to larger weeds to aid in demonstration o f antagonism. The addition
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of oxamyl, endosulfan, dicrotophos, and imidacloprid to glyphosate decreased prickly
sida (Sida spinosa L.) control 14 DAT compared with glyphosate alone in 1997. For the
1998 experiments, only the glyphosate plus lambda-cyhalothrin combination had lower
hemp sesbania [Sesbania exaltata (Raf.) Rydb. ex A. W. Hill] control compared with
glyphosate alone. While few significant differences were observed in these experiments,
the addition o f an insecticide to glyphosate lowered weed control from 2 to 21 percentage
points compared with glyphosate alone.
Field studies were conducted in 1998 and 1999 at the Ben Hur Research Farm and
the Macon Ridge location o f the Northeast Research to evaluate glyphosate-resistant
cotton response to simulated thrips injury and glyphosate applications. Plant terminals
were removed at the 1-leaf stage to simulate thrips injury. Over-the-top glyphosate
applications were made at the cotyledon stage followed by (fb) a 4-leaf application, a 4leaf application only, and a nontreated control. A standard treatment of pyrithiobac at the
4-leaf stage was included for comparison. Plants were monitored for days to first square
and first flower from planting; heightrnode ratio at 2, 4, and 5 weeks after the over-thetop glyphosate application; leaf area at 3 weeks after the over-the-top glyphosate
application; and seedcotton yield. Removal o f plant terminal delayed appearance o f first
square compared with non-damaged plants. While differences in heightinode ratio were
observed at 2 weeks after treatment (WAT), plants recovered by 4 and 5 WAT. There
were no differences in yield between damaged plants and non-damaged plants in 1998.
Non-damaged plants had higher yields than damaged plants in 1999. This difference is
possibly due to the Ben Hur site being irrigated while the Macon Ridge site was not.
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Field and greenhouse studies were conducted in 1998 and 1999 to evaluate the
influence of preemergene (PRE) herbicides on seedling diseases in glyphosate-resistant
cotton. Pendimethalin, pyrithiobac, and metolachlor were applied alone and in
combination with fluometuron. Glyphosate was applied at the cotyledon and 4-leaf stage
and a no glyphosate control was included. One week after each glyphosate application,
plants were removed from each plot and from the plots where no glyphosate was applied
and rated for seedling disease severity. Plants were also removed from plots that did not
receive a glyphosate application for comparison. Following disease ratings, fungi were
isolated from plants and identified. In 1998, the addition o f fluometuron to
pendimethalin, pyrithiobac, and metolachlor fb glyphosate at cotyledon increased
hypocotyl disease severity 12% compared with pendimethalin, pyrithiobac, and
metolachlor applied alone fb glyphosate. Metolachlor fb glyphosate at the cotyledon
stage had lower disease severity compared with the other PRE treatments fb glyphosate at
the cotyledon stage. When glyphosate was applied at the cotyledon stage following
fluometuron PRE, root disease severity was 40% greater than when glyphosate was
applied at the 4-leaf stage following fluometuron PRE. Comparing all treatments
receiving glyphosate PRE, disease severity on hypocotyls was 7% greater when applied
at the 4-leaf stage than at cotyledon. In contrast, disease severity for root ratings was
46% greater when glyphosate was applied at cotyledon than at the 4-leaf stage.
Following the glyphosate application at the cotyledon stage, 85% of the fungi isolated
from hypocotyls and roots were Rhizoctonia solani. After the 4-leaf application o f
glyphosate, R. solani alone (30% of isolates) and with Fusarium spp., Curvularia spp.,
and Aspergillus spp. (55%) were recovered.
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In 1999, all PRE treatments treatments in combination with fluometuron fb
glyphosate at the cotyledon stage had lower hypocotyl disease severity compared with
those same PRE treatments fb glyphosate at the 4-leaf stage. All PRE treatments that
received a glyphosate application at cotyledon had lower hypocotyl disease severity
compared with all PRE treatments fb glyphosate at 4-leaf. Pendimethalin, pyrithiobac, or
metolachlor PRE fb glyphosate at the 4-leaf stage had lower hypocotyl disease severity
compared with those treatments that did not receive a glyphosate application. Following
the cotyledon application, over 90% o f the fungi isolated were Fusarium spp.
In the greenhouse study, sterilized soil was inoculated with R. solani. Pyrithiobac
and metolachlor were applied alone and in combination with fluometuron fb glyphosate
at 1-leaf or no glyphosate. Plants were rated for disease severity one week after
glyphosate application. Regardless o f PRE herbicide or glyphosate application, plants in
inoculated soil had greater hypocotyl and root disease severity compared with noninoculated soil. In one test, glyphosate application following metolachlor PRE reduced
hypocotyl disease severity compared with metolachlor PRE without glyphosate.
Metolachlor applied alone or with fluometuron in non-inoculated soil resulted in greater
root injury compared with the non-treated. Pyrithiobac and metolachlor applied with
fluometuron fb glyphosate in inoculated soil caused greater hypocotyl and root disease
severity compared with those treatments in non-inoculated soil.
Based on this research, producers should feel confident in co-applying insecticides
with glyphosate to control early season cotton pests and weeds. If over-the-top labeled
glyphosate applications are made to thrips-injured cotton, glyphosate will not injure
cotton beyond that o f the thrips damage. The pathology studies showed that certain
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preemergence herbicides can increase the susceptibility o f cotton hypocotyls and roots to
seedling injury. Glyphosate applications did not increase seedling disease and provided
some protection o f cotton seedlings from soil-bome pathogens.
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